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ADVERTISEMENT. 


HE Committee appointed by the Royal Society to direét the pub- 

lication of the Philofophical Tranfactions, take this opportunity to 
acquaint the Public, that it fully appears, as well from the council-books 
gnd journals of the Society, as from repeated declarations which have 
been made in feveral former Tran/actions, that the printing of them was 
always, from time to time, the fingle act of the refpective Secretaries, till 
the Forty-feventh Volume: the Society, as aBody, never interefting them- 
felves any further in their publication, than by occafionally recommendi ng 
the revival of them to fome of their Secretaries, when, from the particujar 
circumftances of their affairs, the Zranfactions had happened for any 
length of time to be intermitted. And this feems principally to have 
been done with a view to fatisfy the Public, that their ufual meetings 
were then continued for the improvement of knowledge, and benefit of 
mankind, the great ends of their firft inftirution by the Royal Charters, 
and which they have-ever fince fteadily purfued. ‘ 

But the Society being of late years greatly inlarged, and hee com- 
munications more numerous, it was thought advifable, that a Committee 
of their members fhould be appointed to reconfider the papers read be- 
fore them, and feleét out of them faueh, as they fhould judge moft pro- 
per for publication in the future Tran/actions ; which was accordingly 
done upon the 26th of March'1752. And the grounds of their choice 
are, and will continue to be, the importance‘and fingularity of the fub- 
jes, or the advantageous manner of treating them; without pretending 
to anfwer for.the certainty of .the facts, or propriety of the reafonings, 
contained in the feveral papers fo publifhed, which muft {till reft on the 
credit or judgment of their refpedtive authors. 
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It is likewife neceflary on this occafion to remark, that it is an eftae 
blifhed rule of the Society, to which they will always adhere, never to 
give their opinion, as a Body, upon any fubject, either of Nature or Art, 
that comes before them. And therefore the thanks, which are free 
quently propofed from the chair, to be given to the authors of fuch pas 
pers as are read at their accuftomed meetings, or to the perfons through 
whofe hands they receive them, are to be confidered in no other light 
than as a matter of civility, in return for the refpeét fhewn to the Society 
by thofe communications. The like alfo is to be faid with regard to 
the feveral projeéts, inventions, and curiofities of various kinds, which 
are often exhibited to the Society ; the authors whereof, or thofe who 
exhibit them, frequently take the liberty to report, and even to certify 
‘in the public news-papers, that they have met with the higheft applaufe 
and approbation. And therefore it is hoped, that no regard will here- 
after be paid to fuch reports, and public notices ; which in fome inftances 
have been too lightly credited, to the difhonour of the Society. 
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I, Obfervations on the Graduation of Aftronomical Infiruments ; 
with an Explanation of the Method invented by ‘the late Mre. 
' Henry Hindley, of York, Clock-maker, to divide Circles 
_ into any given Number of Parts. By Mr. John Smeaton, 
_ER,S.5 communicated by Henry Cavendith, Ef. F. RS. 
and S.A. | 


Read November 17, 1785. 


| asst no part of the fcience of Mechanics has been 
cultivated by the ingenious with more affiduity, or more 
defervedly fo, than the art of dividing Circles for the purpofe 
of Aftronomy and Navigation. It is faid, that TycHo BraHE 
Vor. LXXVI. B and 





2 Mr. SMEATON’s Obfervations on the 

and Hevextus laboured this part of their inftruments with 
their own hands; and though public rewards have at length | 
brought forth different methods of dividing from our beft 
artifts, which have been communicated to the Public; yet I 
truft it will be thought, that if any thing relative to this 
bufinefs remains yet behind, that may tend to furnifh the 
ingenious artifts, who are cultivating this field, with any new 
or curious. idea. upon the fubjeét, it will be well worth communt- 
cating to this learned Society: fince, if an hint, which is 
effentially different from any thing that (fo far as I know) the 
Public is in poffeffion of, be once ftarted, and is purfued and 
worked upon by ingenious men, it is not poffible to fay, to 
what valuable purpofes it may be converted. 

This, .perhaps, will better appear by taking a fhort review 
of the labours of others, from the time of TycHo Braue 
and Heverivs (who did not ufe telefcopic fights) to the prefent 
time. 

The very learned, ingenious, and inventive Dr. Hoox, in 
his Animadverfions on the Machina Celefis of Hevetius, 
publifhed in the year 1674, has given us an elaborate defcrip- 
tion of a quadrant, whofe divifions were formed, and after- 
wards read off, by means of an endlefs fcrew, working upor 
the outermoft border of the limb of a quadrant; which, he 
fays, does not at all depend upon the care and diligence of the ine 
frument-maker in dividing, graving, or numbering the devifions,. 
for the fame ferew thakes it from end to end; yet he has given us 
no account of any particular care or caution that he ufed, in 
preventing the fame {crew from making larger or {maller paces, 
in confequence of unequal refiftance, from a different hardnefs 
of the metal in different parts of the limb; nor any methad of 
correcting or checking the fame; nor of making a {crew, the 

4 angle 
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angle of whofe threads with the axis thall be equal in every part 
of the circumference; therefore the whole of this bufinefs (in 
which accurate mechanif!s well know confifts the whole of the 
difficulty) he refers to the sngenious workman; and, in particular, 
to the then celebrated Mr. Tompron, whom, he fays, he em+ 
‘ployed to make his inftrument, and who had thereby /een and 
experienced the atficulties that do occur therein: but was any in- 
genious workman now to purfue the directions of Dr. Hook, 
fo far as his communication thereof extends, we may con- 
clude, that he would make a very inaccurate piece of work, 
far inferior in performance to what the Do€tor feems to expe 
from it*. But yet, I believe, it was the firf attempt to apply 
the endlefs {crew and wheel, or arch, to the purpofe of form- 
‘ing divifions for aftronomical inftruments; for, the Doctor fays 
himfelf, the perfection of this inftrument is the way of making 
the divifions; that it excels all the common ways of divifipn: 
and in the table of contents it is intituled, An Explication of the 
new Way of dividing. 

This method, however, of Dr. Hoox's s was not laid afide 
without a very full and fufficient trial: for Mr. Fransxuen, 
in the Prolegomena of the third volume of Hiforia Celefis, in« 
forms us, that Je contrived the fextant, wherewith his obfer- 
vations were chiefly made, from his entrance into the Royal 
Obfervatory in the year 1676 to the year 1689. This fextant was 
firft made of wood, and afterwards of irony with a brafs limb 
of two inches broad, by Mr. Tompion, at the expence of Sir 
Jonas Moore; the radius thereof was 6 feet 9} inches} it 
was furnifhed with an endlefs fcrew upon its limb of 17 


* This was indeed verified in an attempt upon the fame plan by the Duc ps 
Cuavinas, publifhed ina Memoir of the Royal Academy of Sciences at Parig, 


for the year 1766. 
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threads-jn an inch, and with telefcopic fights*. Of this in- 
ftrument Mr. FLamsresp gives the figure at the latter end of 
his Prolegomena before-mentioned, fufficiently large to fee the 
general defign ; the whole being mounted upon a {trong polar 
axts of tron, of three inches diameter. 

' Though, in the full defcription of this inftrument, Mr. 
FLAMSTEED mentioned the Limb’s being furnifhed with da- 
gonal djvifions, diftinguifhing the arch to 10 feconds +; yet it 
is pretty clear, that it had not thefe originally upon it; but 
that the ependance was wholly upon the fcrew divitions, 
when it-came out of Mr. Tompion’s hands. This one may 
seafonably infer from the obfervations themfelves; for the firft 
obfervation, fet down as taken with this inftrument, being 
upon the 29th of O&ober, 1676, it was not till the 11th of 
September, 1677, that the column which contained the check 
angle by diagonal lines was filled up; and there was alfo 4 
{pace of time, antecedent to that laft mentioned, wherein no 
obfervations are recorded as taken with this inftrument, in 
awhich time the diagonal divifions might be put on; and this 
will be put beyond a doubt, as he fays exprefily, that finding, 
in the year 1677, that the threads of the {crew had worn the | 
border of the limb, he divided the limb into degrees himfelf, 
and drew a fet of diagonal divifions {; and then comparing the 
two fets of divifions together, he fometimes found them to 
differ a whole minute; wherefore, for correCtion thereof, he 
-conftruéted a new table for converfion of the revolutions and 
pasts of the {crew into degrees, minutes, and feconds; and 


* + — Qualem nemo, ceelo adhibens;—” Preface to Hiftoria Ceeleft. printed 
‘in one vol, 1712. 
+ Prolegomena Hiftor. Ceeleft. vol. III. p. 104. 


t Ibid. p. 106. ‘* Gradus in limbo deftribui ac diagonales duxi.” . 
which 
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which he applied in the obfervations taken in 1678.—However, 
notwithftanding this correction, in looking over the obfervations 
noted down as deduced each way, I frequently find a difference 
of half a minute ; not unfrequently 40” ; but in an obfervation 
of the moon, of the gth June, 1687, 1 finda difference of 55’’*, 
which upon a radius of 6 feet g inches amounts to more than 
sth part of an.inch. 

In the year 1689, Mr. FLAMSTEED compleated his mural are 
at GREENWICH ; and, in the Prolegomena before-mentioned, he 
makes an ample acknowledgement of the particular affiftance, 
care, and induftry of Mr. ABRAHAM SHARP; whom, in the 
month of Auguft, 1638, he brought into the obfervatory, as 
his amanuenfis; and being, as Mr. FLAMSTEED tells us, not 
only a very fkilful mathematician, but exceedingly expert in 
mechanical operations +, he was principally employed in the 
conftruction of the mural arc ; which in the compafs of fourteen 
months he finifhed, fo greatly to the fatisfattion of Mr. FLam- 
STEED, that he {peaks of him in the higheft terms of praife f. 

This celebrated Inftrument, of which he alfo gives the figure 
at the end of the Prolegomena, was of the radius of 6 feet 7% 
inches ; and, in like manner as the fextant, was furnifhed both 


* Vol. I. of Hitt. Coleft. p. 343. 

+ ‘*‘ Quimechanices perquam a at pariter ac mathefeos peritus.” Prole« 
gomena, vol, Ill. p. 108. 

Y “* Seaxrerus fervus meus fideliffintus,.ac omnibus quidem dotibus & facule 
*€ tatibus erat imbutus, que ipfum tam fubtili & difficili operi. obeundo idoneum 
** redderent.” Prolegom. ibid. 

And on finifing the inftrument, he fays, ‘*-Gradus: defcribuntur five nume- 
‘6 yantur et exfculpantur, artificiofa manualiopera diéti domini SHarr, qui limbum 
‘¢ partitus eft, diagonales duxit,.totumque organum abfolvit et perfecit: adeo 
‘© ut preftantiffimi quivis artifices poftquam illud confpexerunt et confiderarunt, 
* $ exactius id peragere non potuifie, agnovesint.” Prolegom. p. 111. th 
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with {crew and diagonal divifions, all performed by the accurate 
hand of Mr. SHarp. But yet, whoever compares the different 
parts of the table for converfion of the revolutions and parts of 
the fcrew belonging to the mural arc into degrees minutes and 
feconds *, with each other, at the fame diftance from the zenith 
on different fides; and with their halves, quarters, &c. will 
find as notable a difagreement of the {crew-work from the hand- 
divifions, as had appeared before in the work of Mr. Tompron: 
and hence we may conclude, that the method of Dr. Hook, 
beitig executed by two fuch mafterly hands as ‘Tompron and 
Suarp, and found defective, is in reality not to be depended 
upon in nice matters. 

From the account of Mr. FLAMsTeExp it appears alfo, ‘that 
Mr. SHarp obtained the zenith point of the inftrument, or déné 
of collimation, by obfervation of the zenith ftars, with the face of 
the inftrument on the eaft and on the weft fide of the wall +: 
and that having made the index ftronger (to prevent flexure) 
_than that of the fextant, and thereby heavier, he contrived, by 
means of pullies and balancing weights, to relieve the hand that 
was to move it from a great part of its gravity +. 

I have been the more particular relating to Mr. Suarp, in the 
bufinefs of conftru€ting this mural arc; not only becaufe we may 
{uppofe it the firft good and valid inftrument of the kind, but 
becaufe I look upon Mr. SHARP to have been the firft perfon 
that cut accurate and delicate divifions upon aftronomical inftru- 
ments; of which, independent of Mr. FLamstTEEp’s teftimony, 
there ftill remain confiderable proofs: for, after leaving Mr. 
FLAMSTEED, and quitting the department above-mentioned f, 


* Hift. Cosleft. vol, IZ. Appendix. t Prolegom. p. 109s 3 
{ Mr. SHarp continued in ftri& correfpondence with Mr. Fuamerzen 6 long 
ds he lived, as appeared by letters of Mr. FuamstTzsp’s found efter Mr. Sifaur’s 
death; many of which I have feen, h 
Cc 
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he retired into York/bire, to the village of Little Horton, near 
Bradford, where he ended his days about the year 17433 and 
where I have feen not only a large and very fine colletion of 
mechanical tools (the principal ones being made with his own 
hands), but alfo a great variety of fcales and inflruments made 
therewith, both in wood and brafs, the divifions whereof were 
fo exquifite, as would not difcredit the firft artifts of the prefent 
times: and I believe there is now remaining a quadrant, of four 
er five feet radius, framed of wood, but the limb covered with: 
a brafs plate ; the fubdivifions being done by diagonals, the lines. 
ef which. are as finely cut as thofe upon the quadrants at Green- 
wich. ‘Fhe delicacy of Mr. SHarp'’s hand will indeed perma-- 
nently appear from the copper- plates 1n a quarto book, publifhed: 
in the year 1718, intituled, Geometry improved by A. Sharg,. 
Pébilomath. whereof not only the geometrical lines upon the: 
plates, but the whole of the engraving of letters and figures,. 
were done by himfelf, as F was tald:by a perfon in the mathe- 
matical line, who very frequently attended Mr. Suarp in the 
latter part of his life. F therefore look upon Mr. Swarp.as the 
firft perfon that. brought the affair of hand divifion to any degree: 
of perfe&tion, 

Some time about:the eftablifhment of the mural arc at Green-- 
wich, the celebrated Danifh Aftronomer OLraus RozmMeER 
began . his domeftic Obfervatory, which he fmifhed in the year: 
1715, 28 we are informed by his hiftorian Perer-Horrezow,. 
in the third volume of: his works,.in the tract, intituled, - 
Bofis Afronomia, publifhed in the year 1 TAL. In this traét is - 
the defcription of an inftrument, Tab. HI. which not. only 
anfwered the purpofe of the meridian are; but, its telefcope 
being mounted upon a long axis, became alfo in reality what 
we now call.a Tranjit.Infirument; and which furnithed, fo far 
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as I have been able to learn, the firft idea thereof. One end of 
the axis of this inftrument being the center of the meridian arc, — 
and carrying its index, M. Roemer thereby avoided the errors 
arifing from the plane of the mural arc not being accurately a 
vertical plane; and which Mr. FLamstgep endeavoured to 
check, by obferving the paffage of known ftars ngarly in the 
fame parallel of declination ; that is, paffing nearly over the 
{fame part of the plane of the arc ; by which he was enabled to 
correét or check the errors of the arc in right afcenfion. But 
it is the peculiar method in which Roemer drvided his inftru- 
ments, that occafions him here to be introduced. 

Though it ‘is a very fimple problem by which geometriciang 
teach how to divide a given right line into any number of , parts 
required; yet it is fill a much more fimple thing to fet off 
upon a given right line, from a point given, any. number of 
equal parts required, where the total length is. not: exaétly 
limited; for this amounts to nothing more than afluming a 
convenient opening of the compafies, and beginning atthe 
point given, to fet off the opening of the compafles as many 
times in fucceffion, as there are equal parts required; which 
procefs is as applicable to the arch of a circle as it is to a right 
line. Of this fimple principle Rozmzr endeavoured to sce 
himfelf. 

For this purpofe M. RomMER sii two fuff, but very, ‘fine- 
pointed, pieces of fteel, and fixed them together, fo as to 
avoid, as'much as poffible, every degree of {pring that would 
neceflarily attend long-Jegged'compafies, or even thofe of,-the 
fhorteft and ftiffeft kind -when the points are brought near toge- 
ther. The diftance of the points that he chofe was about the 
vv Or y,o0f an inch. This; upon a radius of 2§ or three feet 
‘would be about 10 minutes. With this opening;: beginning 

at 


yy 
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at the point given, he fet off equal fpaces in fucceffion to the 
end of his arch, which was about 75°. Thofe were diftin- 
guifhed upon the limb of the inftrument by very fine points, 
which were referred to by a groffer divifion, the whole being 
properly numbered. The fubdivifion of thofe arches of 10 
minutes each was performed by a double microfcope, carried 
upon the arm or radius of the inftrument, the common focus 
being furnifhed with parallel threads of fingle filk, whereof 
eleven being difpofed at ten equal intervals, comprehending 
together one teri-minute divifion, the diftance of the neareft 
threads became a very vifible fpace, anfwerable to one minute 
éach, and therefore capable of a sacenie further fubdivifion by: 
eftimation. | 

The divifions of this inftrument were therefore, properly 


fpeaking, not degrees and minites; but yet, if exactly equal,~ 


would ferve thé purpofe as well, when their true value was 
found, which was dene by comparifon with larger inftru- 
ments. | 

Now, if it be confidered, that in going ftep by ftep of ten 
minutes each, through a {pace of 75 degrees, there will be a 
fucceffien of 456 divifions, dependant upon each other; if it 
be alfo confidered, that the leaft degree of extuberance in the 


furface of fhe metal, where each new point is fet down, or 


the leaft hard ‘particle (wherewith all the bafe metals feem to 
abound) will cawfe a deviation in the firft impreffion of a taper 
point, and thereby produce an inequality in the divifion ; it is 
evident, ‘that ‘though this inequality may be very fmall, and 


even imperceptible between neighbouring divifions, yet among’ 


diftant ones, if may and'will arife to fomething confideérable ; 
whiich, in the menfuration of angles, will have’ the fame ill 


téndency as ini nedr ones. Now, as M. Roemer his given us no’ 
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means of checking the -diftant divifions, in refpe&t of each, 
other, it is very probable that no one has followed his fteps, - 
in cafes where great accuracy was required, in a confiderable 
number of divifions.- For in reality this method is likely to fall 
far fhort of. Dr. Haox’s; as Dr. Hoox’s divifions being cut in 
a fimilar fucceflive manner, by the rotation of the fharp edge of 
the threads of a {crew againft the exterior edge of the limb of 
the inftrument, a very flight degree of preffure will bring a 
fine {crew of thirty threads in an inch (which he prefcribes) to 
touch againft an arch whofe radius is four or five feet in more 
than one, twa, three, or four threads at once; fo that the 
tiireads {upporting one another, a {mall extuberance, or even a. 
{mall hard particle in the metal, will be cut through or re= 
moved by the grinding or rather fawing motion of the {crew ; 
and. which, in regard to its contact, being in reality an edge, 
will be much more effectual (that is, more firm) in its reten- 
tion than a mere fimple point: and a repetition of the opera- - 
tion, from the fupport of the threads to each other, will tend, 
to mend the firft, traces; whereas, in RogMER’s way, a repeti= 
tion will make them worfe; for, whatever drove forward or 
backward the point on firft entering, will, from the floping of 

the point, be confirmed and increafed in driving it deeper. 
When Dr. HALLEY was. chofen Aftronomer Royal (Mr. 
FLAMSTEED’s inftruments being taken away by his executors), 
Mr, Grawam undertook to make a new mural quadrant, about 
the year 17253 who, uniting all that appeared valuable in the 
different methods of his predeceffors, executed it with a degree 
of contrivance, accuracy, and precifi ion, before unknown :. and 
the divifion thereof he performed with his own hand. The 
model of this quadrant, for ftrength, eafy management, and 
convenienge, has, been ever fince purfued as the moft perfect. 
1 What 
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What I apprehend to be peculiar in it, was the application of 
the arch of 96°; not only as a check upon the arc of degrees 
and minutes, but as fuperior thereto, ‘being derived aay the 
more fitnple principle of continual bifeétion. 

To make room for this, he has entirely rejected the fubdivifior 
by diagonals, and has adopted the method of the Vernier ; but the 
{ubdivifion of the vernier divifions he, as I apprehend for the’ 
firft time, meafured by the turns of the detached adjufting’ 
{crew, making it in fact a micrometer, by which the’ diftance* 
of the fet of the inftrument was to be meafured from the’ 
perfect coincidence of one of the actual divifions of the’ limb’ 
with the next ftroke of the vernier; by which means the ob- ’ 
fervation could not only be read off with all the precifion that ' 
the divifion of the inftrument was capable of, but the two fets '- 
of divifions could be checked and: compared with each other.’ 
Another thing that I apprehend to ‘be peculiar in this inftru- 
ment, was the more certain methcd of transferring and cutting 
the divifions, from the original divided points, by means of 
the beam-compafs, than could poffibly be done from a fiducial: 
edge, as had doubtlefs been conftantly the practice in cutting 
diagonals; for, placing the fteady point of the beam-compats 
in the tangent line to that part of the arc where each divifion 
was to be cut, the opening of the compafs being nearly the- 
length of the tangent, the other point would cut the divifion ° 
in the direction of the radius nearly; and though in reality an 
arch of a circle, yet the fmall part of it in ufe would be fo 
nearly a right line, as perfectly to anfwer the fame end; all 
which advantages put together, it is probable, induced Mr, | 
GrauaM to reject the diagonals. | 

Soon after the completion of this quadrant, Mr. Siting 
caine to execute a zenith fetfor for the Rev. Dr. BRADLEY, ° 

Cz which 
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which was fixed up at Wanfteqad, in. Effex, in the year -1729,- 
The very fimple conftry@ion that he adopted for this inftrus. 
ment (the plumb line itfelf heing the index) did: not admit of. 
the ufe of a vernier : he. therefare contented himfelf with, 
dividing the atch of the limb of this inftrument by primary 
points, as clofe as he thought neceflary, that is, by divifiens. 
of five minutes each, and meafuring the diftance from the /ét 
of the inftrument to the next point of divifion by a micrometer 
fCiew, in the conftruction of which {crew he ufed uncommon: 
care and delicacy. Ihave mentioned thig inftrument to intro- 
duce this. obfervation; that I think it highly probable, had 
Mr. GRAHAM conftruéted the great quadrant: after the zenith 
fecter had been fully tried,. he would have rejected not only the 
diagonals but the verniors alfo, as. containing a fource of error. 
within themfelves which may be avoided by. a well-made fcrew *. 

Ir feems alfa, that Mr. GRAHAM, aty the.time he can- 
ftrnGted both thefe inftruments, was not aware how much error. 
could arife from the unequal: expanfions of different metals by 
heat or cold: for in both. the radius, or frame,of the iniiru-. 
ment, was iron, while the limbs were of brafs. They, how-. 
ever, remain in the Royal Obfervatory, perfec&.models, in all: 
other refpects, of every thing that is likely to be attained in, 
their refpective deftinations, and monuments ef the fuperla- 
tive abilities of that great mechanician Mr. GRAHAM 4. 

* This has been found confentaneaus to the experience of my friend Ma 
Apsenr, who, on my fuggeftion, has long fince laid afide the. ufe of his vernier, . 


meafuring: always by the micrometer {crews the diftance between the fet of the | 
inftrument, and the ebincidence of the firft ftroke bi ae vernier with the next 
primary divifion of the limb. 

+ Ihave been informed, that Dr. Maskatyee has cauled this objeAion to the 
feGor to be reétified, fince ite removal‘to the Royal’ Obfervatory, by fubfticuting 
an iron limb inftead of tha: of brafs;, the points. being made upon ftuds of, gold. 

Mr. . 
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Mr. Ge ana lived till the year 1751; and during his. time 
there were few inftruments of confequence conftructed with- 
out his advice and opinion. They were for many years done 
by Mr. Sisson, to whom doubtlefs Mr. GRAHAM would fully 
communicate his method of divifion; and from this {chool 
arofe that very eminent and accurate artift Mr. Birp, whofe 
delicate hand, joined with great care and affiduity, enabled 
him Gill further to promote this branch of divifion ; and which 
being carried by him to a great pitch of perfection, the Com- 
mifftoners of: Longitude did themfelves the credit, by an hand- 
fome reward, .ta induce him to publith to the world his parti- 
cular method: af: dividing aftronomical inftruments; which 
being drawa up by himfelf, in the year 1767, this matter is 
fully {et forth ta-the public: I hall therefore only take this 
opportunity of abferving,, that, there feems to be one article in 
which Mr. Brrn’s.methad may be {till improved. 

J mutt here. abfarve, that. I apprehend no quadrant, that has 
ever undergone a.fevere. examination, has been found to form a 
perfect.arch of ge* ; nor is, it at all neceflaxy it fhould: the per- 
fe& equality of the divifions throughout the whole is the firft 
and: primary. confideratiom ; as the proportion of error, when 
afcertained by proper obfervations, can be as eafily and- 
readily applied, when the whole error of the reCtangle is fifteen 
feconds, as when it isrbut five. 

in this view, from the: radius taken, I would compute the 
chord of fixteen degrees only.. If | had an excellent plain fcale, 
I would ufe:it; becaufe I fhould expect. the deviation from the 
nght.angle ta.be lefs than if taken from a fcale of more moderate 
accusacy.; hut if not, the equality of the divifions would nat be 
affected, though, taken from any common diagonal {cale. This 


chord, fo prepared, I would lay off five times in fucceffion, from 
3 the 
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the primary point of o given, which would comipleat eighty 
degrees ; I would then bifeét each of thofe arches of 16°, as 
prefcribed by Mr. Brrp, and laying off one of them beyond 
the 8oth, would give the 88th degree: proceeding then by 
bifeGtion, till 1 came to an arch of two degrees, laying that off 
from the 88th degree, would give the point of ninety degrees. ' 
Proceeding ftill by bifection, till I had reduced the degrees into 
quarters = fifteen minutes each, I would there ftop; as from 
experience ‘know, that when divifions are over clofe, the ac-' 
curacy of them, even by bifection, cannot be fo well attained as 
where they are moderately large. If a {pace of ,*, of an inch, 
which is a quarter of a degree, upon an eightfeet radius, is 
. thought too large an interval to draw the index over by the mi-' 
crometer fcrew, this may be fhortened by placing another line 
at the diftance of one-third of a divifion on each fide of the index’ 
line, in which cafe the {crew will never have to move the index 
plate more than one-third of a divifion, or five minutes; and 
the perfect equality of thofe fide lines from the index line may’ 
be obtained, and adjufted to five minutes precifely, by putting 
each of the fide lines upon a little plate, capable of adjuftment 
to its true diftance from the middle one, by an adjufting 
{crew. | 
The above hint is not confined to the chord of fixteen degrees, 
which prohibits the fubdivifions going lower than fifteen mi- 
awutes: for if it be required to have divifions equivalent to five 
minutes agen the limb itfelf; then I would compute the chord 
of 21° 20’ only; and laying it off four times from the primary 
point, the laft would mark out the divifion 85° 20’, pointed 
out by Mr. Birp ; /upplying the remainder to a quadrant, from 
the bifeéted divifions as they arife, and not by the application of 
ether computed chords. . 


In 
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in my Introduction to M. Rozmer’s Method of Divifion, I 
have fhewn, that divifions laid off in fucceffion, by the fame 
opening of the compafies, either in a right line, or in the arch 
of a circle, being in its idea geometrically true, and in itfelf the 
moft fimple of all proceffes, st has the faireft chance of being 
mechanically and practically exact, when cleared of the difturb- 
ing caufes. ‘The objection therefore to his method is, the great 
number of repetitions, which depending upon each other in 
fucceffion (requiring no lefs than 540 toa quadrant, when fub- 
divided to ten minutes each), the {malleft error in each, repeated. 
§40 tunes, without any thing to check it by the way, may arife 
to avery fenfible and large amount: but in the method I have 
hinted, this objection will nat lie; for, in the firft cafe, the 
affumed opening is laid off but five tumes ; and in the latter. cafe. 
but four times; nor does this repetition arife out of the nature of 
the thing; for, if you like it better, you may, in. the former cafe,, 
at once compute the chord of 64°;. and. im the latter that of 
85° 20’, and then proceed wholly by bifection ; -fupplying 1 what. 
is wanted to make up the quadrant, from the bifected divifions, 
as they arife. Mr. Brrp prefcribes this method himfelf, for the 
divifion of HADLEY’s fextants and oftants.. 

He, I fuppofe, was the firft, who conceived the idea af ee 
off chords of arches, whofe fubdivifions fhauld be come at by 
continual bifection ; but why he mixed therewith divifions that, 
were derived from a different origin (as prefcsibed in his method 
of dividing) I do. not eafily conceive. He fays, that after he had 
proceeded by the bifections, from the arc of 85° 20’, the feveral 
points of 30°, 60°, 75°, and ga’, {all of which were laid down 
from the principle of the chord of 60° being equal to radius), 

fell in without fenfible inequality ; and fo indeed they might ; but 
yet it does not follow that they were equally true in their places 
as 
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as if they had been (like the reft) laid down from the bifettion 
from 85° 20’, and therefore being the firft made, whatever error 
was in them, would be communicated to all connetted with 
them, or taking their departure from them. Every heteroge- 
neous tnixture fhould be avoided where equal divifions are re- 
quired. t is not the fame thing (as every good artift will fee) 
whether you #wice take'a meafure from a {cale as nearly the famé 
as you tan, and lay them off feparately ; or lay off fwo opening's 
of the compafles, infucceffion, unaltered; for though the fame 
opening, carefully tdken off from the fame fcale a fecond time; 
wilt doubtlefs fall into the points made by the firft,. without 
fénfible error; yet asthe fléping fides of the conical cavities made 
by the firft: point will conduét the points thernfelves to the cen- 
. ter, there may be an etror which, though infenfible to the fight, 

would have been avoided by the more fimple procefs of laying off 
the opening twice; without ever altering the compaffes. 

The 96 arc wat Thave tio doubt, invented by Mr. Gra- 
HAM, from having percetved, m common with all preceding 
artifts, How very much ‘more éafy a given line was to bifeét, than 
to trifect, or quinqttefect ; and therefore the 96 arc which pro- 
ceeded by bifections only (or by laying off the fame identical 
openings, ‘which, as already fhewn, is ftill more fimplé and 
unexceptionable) was wholly intended by him by way of 
checking the divifion of the arc of go, which required trifec-’ 
tions and quinquefections. ‘But experience foon fhewed the 
fliperior ‘advantage of it fo ftrongly, that the ufe of the go arc’ 
is now wholly fet afide, where accuracy is required; whereas 
the ingenuity of Mr: Brrp having fhewn a way to preduce the: 
go arc by bife€tion,’ when this is really purfued quite through 
the piece, by ‘rejecting all divifions derived from any other - 
origin, the go ar¢ will have nothing in it ‘to prevent its being- 

_ equally 
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- €qually unexceptionable with the 96 arc; and confequently jf, 
inftedd of the 96 arc, another arc of go was laid down (which 
being upon a different radius, its divifions will ftand totally un- 
tomected withthe former), then:thefe two arcs would in reality 
be a check upomeach other; for being of equal validity, the mean 
might be taken: and if (in lieu of vernier divifions) ftrokes at 
the diftance of any odd number, as-.7, 9, 11, of 13, are marked 
upon, and carried along with, the index plate ; thefe will pro- 
duce a check upon neighbouring divifions; and the angle may 
then be deduced from: the medium .of -no lefs than four 
_ feadings. © 
‘The laft works unt have been made known to the public i in 
the line of graduation (fo far as has come to my knowledge) are 
thofe of the very ingenious Mr: RaMsDEN, | which were pube- | 
lifhed, by order of the Board of ‘Longitude, in the year 1777. 
From his own information, I learn, that in the year 1760 
he tarned his thoughts towards making an engine for dividing 
mathematical inftruments ; and this he did in -confequence of a 
reward offered by the Board of ‘Longitude to Mr. Bran, for 
publifhing his method of graduatiug quadraiits 5 for as, - feveral 
years previous to that period; -he-had taken great pains to ac-, 
complith himfelf in: the art of hand-dividing, in which line 
Mr. Brrp had acquired his eminence, he conceived by this pub- 
lication of Mr. ‘Brrv’s he fhould be reduced to the fame ftandard 
of performance with the reft of the trade. - He, therefore, partiy 
to fave time, and that kind of wearinefs to an ingenious mind 
that éver muft attend the endléfs-repetition of the fame thing 
from torning to night; partly ftill to preferve the pre-eminence 
he had then gained; and partly to procure difpatch in the’ great 
increafeof demand. for HADLEY’s fextants and o€ants, in confe~ 
querice of the fuccefsful application of the moon’s motion to the: 
VoL. LXXVI. D purpofe 
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purpofe of afcertaining the longitude at fea (which inftruments: 
for this purpofe required a depree of accuracy and certainty ju the 
divifion, byno means neceflary thereto when applied to the fimple 
purpofe of obterving latitudes); I fay, for thete confiderations, Mr. 
RAMSDEN determined to fet about fomething in the inftrumental 
way, that fhould be fufficient effectually to. anfwer thefe purpofes. 

Accordingly, confidering the nature of the endlefs {crew, he 
fet him felf to work upon an engine whofe divided wheel or plate 
was of thirty imehes diameter; and though the performance of” 
shis firft eflay was inferior to his expectations and withes, yet 
with it he was able to divide theodolites with a degree of preci 
fion far fuperior to. any thing of the kind that. had been exhibitedi 
to. the public. | 

This eagine I myfelf faw in the-fpring of the year 1768 ; _ 
it appeared tome not only a very. laudable attempt towards in= 
ftrumental. divifions,. but’ a very good: model for the conftrudtion: 
of an engine of the moft accurate kind. fos that purpofe.. And: 
he furthermore, at the fame tame, fhewed. me the. model ar- 
pattern: for cafting a wheel of a much larger fize, which he prae- 
pofed to make: upen the fame plan,. and. with canfiderable. im-. 
provements,. This.being effected feme time in or. about the year. 


+1974,,H8 accuracy was proved by making a fextaut,. afterwards. 


fubjected te the examination. of Mr..Birp. whoin confequence: 
approved the method, not only. as fully fufficient for the divi-. 
fon of HapLey’s fextants. and odtants for any purpofe whatfo-. 
ever, but in fact for dividing any: inftrument whofe. radius. did. 
not exceed that of the dividing wheel, which was. forty-five. 
inches in diameter : whereupon.the Board of Longitude,, ever, 
ready to encourage all endeavours that tend to the certaiuty. andi 
perfection of any thing fubfervient to the purpofe of. finding the. 


longitude at fea, very properly and ufefully: refolved. to confer. 
an 
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mm handfome reward on Mr. RAmMspen, for delivering a full 
explanation of his method of making the faid engine; which, 
m confequence, was publifhed by order of the Board of Longi- 
tude in the year already mentioned, viz. 1777: the defigns 
whereof are fo full and explicit, that whoever could not under- 
ftand that 4efcription, fo as to enable him to make it, would be 
unfit to undertake it on other accounts. 


From what I have. faid upon the works of the different artifts 
that I have mentioned, it would feem that the art of graduation 
was brought to that degree of perfection, that nothing material 
can now be added.thereto: and I fhould have been apt to have 
thought fo myfelf, if I had not happened, in the courfe of my 
life, to have had a communication made to me (under the feal of 
fecrecy) which feems to promife yet further light and affiftance 
in perfecting that important: art; and evéry. impediment to the 
difcovery thereof being now removed, I fhall in the remainder 
of this eflay give the cleareft defcription thereof that I am able, 
‘with fuch elucidations and improvements as feem to be naturally 
pointed out by the method itfelf. 

In the autumn of the year 1741, I was firft introduced to the 
acquaintance of that then eminent artift, Mr. Henry HINDLEY, 
of York, clockmaker ;—he immediately entered with me into the 
greateft freedom of communication, which founded a friendfhip 
that lafted to his death, which did not happen till the year 1771, 
at the age of 70.. On the firft interview, he fhewed me not 
only his general fet of tools, but his engime, at that time fur- 
nifhed with a dividing plate, with a great variety of numbers for 
cutting the teeth of clock wheels, &c. and alfo, for more nice 
and curious purpofes, furnifhed with a wheel of about thirteen 
inches diameter, very ftout and ftrong, and cut into 360 teeth ; 


to which was applied an endlefs fcrew, adapted thereto. The 
D2. _ threads 


2p, My. Smearton’s Objervations on the 


threads of this {crew were not formed upon a cylindric furs. 
fage, but upen a falid whofe fides were terminated by arches. 
of circles. The whole length contained fifteen threads; and 
as every thread (on the fide next the wheel). pointed towards. 
the center thereof, the whole :fifteen were in contact together ; 
and: had been: fo ground with the wheel, that, to my great 
aftonifhment, I found the {crew would turn round with the. 
utmoft freedom, interlocked with the teeth ‘of the wheel, and 
would draw the wheel round without dny fhake or fticking, or 
the leaft fenfation of inequality. 

' How long this engine might have been made before.this firft 
interview, I cannot now exactly afcertain : :I believe not mere 
than about a couple of years ; ‘but this I well remember, that he: 
then fhewed me an inftrument intended for aftronomical . pur- 
pofes, which muft have been produced from the engine, and 
which o€ itfelf muft have taken fome time in making *. 
* This inftrument waa of the equatorial ‘kind; the wheel parallel to the 
equator, the quadrant of latitude, and femi-circle of declination, being all 
furnifhed with {crews containing fifteen threads each, framed and moved in the- 
fame manner as that of the engine; the whole of ‘which inftrument was already 
framed, and the telefcope tube. in its place, which waa intesded to be of tha. 
inyerting refraGting kind, and to be futnithed witha micrometer. This, However, 
was not compleated till fome years after; but, in the year 1748, I received it in 
London for fale, It ftaid with me two years, in which time I fhewed it to all my 
mechanical and philofophical friends, amongft whom was Mr. Suort, who after- 
wards publifhed in the Philofophical Tranfa&ions, vol. KLVI. N° 493. p. 241. a 
Account of’ a’ portable Obfervatory, but without claiming ayy particular merit. 
from the contrivance. However, the model of it differs from Hrspizy’s equatorial, 
only in the following grticlkes. He added an azimuth circle and compafs at the 
bottom. He omitted the endlefs fcrews, placing verniers in their ftead; and at 
the top, a reflecting telefcope inftead of a refractor. This inftrument of HinD- 
rey’s being afterwards returned to him unfold, I pointed out the principal deficien- 


clzs that 1 found therein; viz. sake ia pees the inflgument ino different ppfi- 
tions, 
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J in reality thought myfelf much indebted to Mr. Hinpiey 
for this communication ; but though he fhewed me his engine, 
and told me, that. the fcrew was cut: by.the rotation.of the 
point of a tool, carried round upon 2 ftrong arm, at the. dif- 
tance of the radius of the wheel from: the center of motion, 
which arm was carried forward by the wheel itfelf, and-the 
wheel -was put forward by an endlefs {crew, formed upon a 
cylinder to a proper fize of thread, cut by. his chock lathe ; 
though he thewed me alfp this chock lathe, and the method 
employed to make the threads of the {crew equiangular with 
the axis, that is, to free the {crew from what workmen term. 
drunkenne/s; and alfo thewed. me how, by the fingle {crew of 
his dathe, he could cut, by means of wheel-work, {crews of 
eyery noceflary degree of finenefs:* (and, by taking out a 
wheel, could cut a left-handed {crew of the wery fame degree 
of rhe ; by which means he was enabled-not only to adapt 

his. plain {crew to, the fize of the teeth of his wheel, but alfo to 
prevent any diunkennefs that, atherwife the quryed, forpw would. 
be fighye to in. -confequense of being produced from iy plain. 


trons, the fpringing of the materials was ‘fuch as in fome pofitions: to amount to 
confiderable errors.: ‘This. remained with him in the fame ftate till the year of the: 
fir Yrqufi of Venet, viz. 1761; when it was fold to -—~ Consrasrz, Efq. of 
Barton Conftable, in Helderpi. My,;-HiyppRx, to remedy the evil. aboye;men- - 
tioned, applied balances to the different mavements. ‘He foon afterwards com- - 
pleted one, de xovc, upon this improved plan, for his Grace the late Duke of 
Norrote. <A method of balancing in much the fame way,’ without ‘the know. - 
ledge that it had:been done before, has been fully explained, dnd laid before - 
the Society, by onn ae and rey brother Mr. Naigne. , hil. .Frang, 
vol. LXJ. p. 108. 

* A machine for cutting the endlefs ferew of Mr. RamspEn’s engine, apae! 
principles exaly fimijar, is fully and accurately fet forth in his Defcription of his | 
dividing Engine above-mentioned. 
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one; furthermore, that thé {crew and wheel, being ground 
together as an optic glafs to its tool, produced that degree of 
{moothnefs m its motion’ that I obferved; and; laftly, that 
the wheel’ was ‘cut from the dividing plate: yet, how the 
dividing plate was produced, ‘he for particular reafons referved 
to himielf. : 

_Nor-can he be blamed for the refervation of this one fecret $ 
as he had, even at the time of my early acquaiftance with 
lim, akind of forefight that from the fuperior merit of Hap- 
LEY’s quadrant, a demand for that, and other inftraments for 
the purpofe of navigation, was likely to increafe ; and that he 
might five to fee a public reward’ ‘offered for a method of di+ _ 
viding them with greater accuracy and difpatch than had at 
that time.appeared. ‘fndeed, he had himfelf ‘an idea, from the 
fatisfaGtory fuccefs that had attended his operations i in dividing,’ 
that a fcrew and wheel, produced from his engmes of oné 
foot diantieter; would have as much truth as the eight-feet qua 
drant at Greenwich: and though he doubtlefs greatly over=.. 
rated the accuracy ‘of thefe miniature performances, ‘yet it does’ 
not follow, as his methods were not confined to fo narrow 2 
compafs, but that, his {cale of operation being proportionably 
enlarged, a degree of accuracy m the graduation of aftrono~ : 
mical inftruments may be attained in proportion. 

I muft here beg leave to obferve, that there appears to me to. 
be a natural limitation to the accuracy of inftruments, con-. 
fifting of confiderable portions of a circle, fuch as quadrants, 
&e.*. Ide not find that the fineft ftroke upon the limb of a 
quadrant, made by Birp’s own hand, if removed ftom its 


* The zenith fector confifts but of sew degrees, with little variation of its 
pofition in ufing it, 
Ss coincidence 
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comeidence with its index, cari be replaced with any degree of 
certainty nearer than the 4000dth past of an incl, though 
aided by a magnifying glafs *. 

A 4o0oodth part of. an inch bemg then.determined to be the 
minimum vifbre by the ftrokes of an inftrument, this will be 
lefs than one fecond of a degree upon a radius of four feet ; 
and therefore, if the whole fet of divifions upon the limb could 
be preferved true to. thie aliquot part of an inch, the eight-feet 
quadrants of Greenwich mighit be empetted to be true to: half 
afecond. How far they are frome this, 1 de not exaftly know ; 
but I have reafon to think they vary from. ir fome feconds = 
nay, I believe it is generally allowed, that our largeft qua- 
drants, even: when executed by the accurate hand.of Mr. Birp, 
do nat exceed thofe of a lefs fize, by the fame hand, mm pro~ 
portion to their increafe of radius: nor can-it-well be expected 
that they fhould ;. fince, as.thea weight neceflarily increafes in: 
a triplicate ratio of the. radius, the gréab. weight of the.Gseen- 
wich quadrants.in moving and fixiug therm (as they. could not 
be divided in theis place). may eafily derange the framing ;.or: 
even the sternal eafiicity-of the materals may give way, by a 
change of pofition, te fo: minyte a quantity as a 400odth part. 
of an inch. . It therefore appears to-me, that fince the divifions: 
of 2 quadrant of :four-feet radius are mere than fufficient, and: 
even thofe of three feet admit of all the diftenétnefs that in. 
other refpects is wanted, a three-feet quadrant, in point of. 


* Jt will be to little purpofe to attempt it with a greater power. Double: 
mitrofeopes cam doubtlefs be formed to magnify objects, far lefs than a 4900dth: 
part of an- inch, to-diftiné furfaces; but then the advantage of ‘fuch degrees of | 
magnifying power is chiefly upon the organized bodies of nature. Let-a det, or- 
the fineft point that can be made by human art,, he fo viewed, and it will-appear. 


not round, but a very ragged irregular figure. z 
Zey, 
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fize, ts tapable of all attainable’ exaétnefs and would teas 
much ta be depended on.as any of thofe-now in being of eight 
feet. By adopting quadrants of this. fmaller.fize, we thall of 
couré get:rid of +4ths of the prefent weight ; and confequently 
of much cumber, unhandinefs, and derangement, that muft arifé 
_ from that ‘weight, as well as the fear of totally difcompofing 
them, ‘if ever:moved out of their place. 

- “Tt now. comes to. be-time’to opeti,a principle upon which there 
8 a profpect of effeGting fuch an improvement. I have fhewn 
that. a 40coth part-of ‘an inch: is the wisimarum that we are to 
-expect:from fight,: though-aided by glafles, when obferving the 
divifions of'an iaftruiheit. -But in the XLVIbth volume of 
‘the: Rhilofd phical:' Tram factions for the year 17 54 “T-have fiewn 
the mechanifm of a new pyromuter, and experiments made there- 
with ; avheteby tt appears, : that, upon: the. principle of contad, a 
.24,000th-part of an inch is'a very definite quantity." I remem~ 
- bereddivery. .welb chat Pdidnot ther. ge to the extent of -what F 
‘might-have.afferted, being williag to keep within’ the bounds 
of credibility: but on-occafion -of the prefent fabjét, I have re- 
examined this inftroment, and find mtryfelf very well: authorfe? 
to fay, ‘thet a 6a,ocoth part of an irtch, with fuch an’ inftru- 
ment; id a-more definite. and certain quantity than - a goooth: 
part.of.am inch is to the fight, conditioned. as above ‘{pecified. 
The:certainty of contaét is, therefore, fifteen times greater than. 
that of vifion,.when applied to the divifions of an inftrument ; 
and if this principle of certainty in contact did not take place 
even much beyond the limit I have now affigned, we never 
fhould have feen thofe exquifite mirrors for ae ea tat 
that have already been : produced. | 

Thefe reflections apply immediately to my salt fabjet; as 

Hinprey’ s method of divifion praceeds wholly by contaff, and 

2 that 
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that of the firmeft kind; there being fcarcely need of niagiity- 
ing glaffes in any part of the operation. 

In the year 1748 I came to fettle in Londons and the firlt 
employment I met with was that of making philofophical in- 
f{truments and apparatus. Inthis fituation, my friend HInpiry, 
from a principle the reverfe of jealoufy, fully communicated to 
me, by letter, his method of divifions and though I was enjoined 
fecrecy refpecting. others (for the reafons already mentioned), 
yet the communication was exprefsly made with an intention 
that I might apply it to my own purpofes. 

- The following are extracts from two letters, which contain 
the whole of what related to this fubje&t 3 and tities I have many 
things to obferve thereon, fo that the paraphrafe would bé much 
greater than the text, I think it beft not to interrupt the deftrip- 
tion with any commentary, as perhaps his own miode 6f éx« 
preffion will more briefly and happily convey the general idea 
of the work than any I can ufe inftead of it. : 


My DEAR Frienp, York, 14 Nov. 1748. 


- AS to what you was mentioning about my brether’s knowmg 
how I divided my engine plate, I will defcribe it as welt as I 
carmyfelf; but you will want a good many —* to as 
through wath. i. 

The marmer 16 this: firft chafe the largeft number you want,: 
and then chufe 2 long plate of thin. brafs; mine was about one 
inch ia braadth,. and eight. feet m length, which I bent hke an 
hoop fer am bogthead, and. foldered the: ends together ; and! 
turned. it of equal thicknefs, upon a' block: of fmooth-graned! 
wood, upon.my: great lache in the air (that is,-upon the end of 
the mandrel): one fide of the hoop muft be rather wider than 

Vor. LXX VEL E J. the 
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the other, that it may fit the better to the block, which will be 
a fhort piece of a cone of a large diameter’: when the hoop was 
turned, I took it off, cut, and opened it ftraight again. 

The next ftep was to have a piece of fteel 
bended into the form as per margin *; which had 
two {mall holes bored in it, of equal bignefs, one 
to receive a {mall pin, and the other a drill of 
equal fize. I ground the holes after they were 
hardened, to make them round and fmooth. The 
chaps formed by this fteel plate were as near to- 
gether as juft to let the long plate through. Be- 
ing open at one end, the chaps fo formed would 
{pring a little, and would prefs the long plate 
clofe, by fetting in the vie. Then I put the long 
plate to a right angle to the length of the fteel chaps, and bored 
one hole through the long plate, into which I put thé {mall 
pin; then bored through the other hole; and by a the 
fteel chaps a hole forward, and putting in the pin in the’ 
hole, I proceeded till I had divided the whole length of the 
plate. 

The next thing was to make this into a circle again. After the 
plate was cut off at the end of the intended number, I then 
proceeded to join the ends, which I did thus: 1 bored two nar- 
row fhort brafs plates + as I did the long one, and put one on 
the infide, andthe other on the outfide of the hoop, whofe ends 
were brought together; and put two or three turned fcrew 
pins, with flat heads and nuts to them, into each end, which 
held them together till I rivetted two little plates, one on each 
fide of the narrow plate, on the outfide of the hoop. Then I 
took out the fcrews, and turned my block down, till the hoop 

. The figure is confiderably lefs than the real tool fhould be. 


+ Thefe I fhall hereafter diftinguith by the name of /eddle-plates. 
4 | would 
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would fit clofe on ; and by that means my right line was made 
into an equal divided circle of what number J pleafed. . . 

The engine plate was fixed on the face of the block, with a 
fteel hole fixed before it, to bore through; and Thad a point that 
would fall into the holes of the: divided hoop; fo by cutting 
fhorter, and turning the block efs, I-got all the numbers ol! 
my plate. - - : 

I need not tell: you, that you eh as many prime numbers as 
you pleafe; nor that the diftance of the holes in the fteel’chaps 
mutt be proportioned to the length of the hoop. 

You may afk my brother what he knows about: my method 
of dividing ; but need not tell him wlrat I have faid about it: 
for I think neither 4e nor ‘fobn Smith know fo much as I have 
told you, though I believe they got fome knowledge of it in ge- 
neral terms *. T defire you to keep the method of dividing 
to to yourfel and conclude with my beft withes, 





and si dear Sir, yours, he 


a® 


Hen. HINDLEY. 


Though the above letter was in itfelf very clear and explicit, 
as to the general traces of the method, yet fome doubts occurring 
to me, a further explanation became neceflary. A copy of my 
letter not being preferved, the purport of it may be inferred from 
the anfwer, which was as follows : 


* The perfons here referred to were both bred with him. His brother, ‘Mr. 
Rocer Hinpixy, who has many years followed the ingenious profeffion of a watch- 
cap-maker in London, was fo much younger as to bean apprentice tohim. Mr, 
Joux Smits, now dead, had fome years paft the honour to work in the inftrument 
way, under the direction of the late Dr. DEMAINBRAY, for his prefent MAJESTY. 
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_ DEAR FRIEND, | “York, 13 March, 1748-9. 


I THINK in your taft you feem to be apprehenfive of fonte 
difficulties in drilling the hoop for dividing: Firft, that the 
center of the hole in the hoop might not be precifely in the center 
of the hole of the fteel chaps, it was drilled in; but if I defcribed 
fully to you the method I ufed, 1 can fee no danger of esror 
there,: for my chaps were very thick, and. the two correfpond- 
ing holes were a little conical, and ground with a feel pin ; 
firft one pair, and.then the other, alternately, tll the pin would 
go the fame depth.into-each. Then. for drilling the hoop, I 
_ taak any common, drill, that would pafs through, and. bore the 
bole.- After, that, I. took a, five-fided broach, which opened the 
hole int the. brafs betwixt the: fteal chaps, but would net touch 
the fteel ; fo confequently; the center of the holes in the bral 
muft be concentric with the holes ‘in the chaps : and for altera» 
tions by air, heat; cold; &e. 2 was not above two or three hours _ 
in drijling 2: sow,of holes, as far as I remember. 

2dly, For drilling, in aright lme, I had a thin brafs plate, 
faftened between the fteel chaps, for the edge of. the hoop to 
bear againft, whilft I ‘thruft it forward frotn hole to hole. 
What you propofé of an ifon frame with a lead ‘outfide, wilt be 
better than my, wooden block ; but confidering the littlé time 
that paft, betwixt transférring the divifions of the hoop to the 
divifions of my dividing plate, I did‘not faffer much that way: 
lt. was wher I drilled the holes ax my dividing plate that E'ufed 
a frame: for drifting, which had one part-of it that lad a-fttel 
hole, that in lying upon the plane of the dividing plate was. 
fixed faft in its place for the pojat of the drill to. pafs through . 
anon at the length of the drill, there was another piece of 

ce fteel, 
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fteel, witha hole in it, to receive the other end of the drill to 
keep it at right-angles to the plane of the plate.- This piece 
was a {pring, which bended at the. end, where it was faftened .. 
to the frame of the lathe, at about eighteen inches from the end 
of thedrill; fo it pufhed the drill through with any given force 
the drill would bear: and though that end of the. drill moved 
in the arch of a circle, it was a very {mall part of it, being no 
' more-than equal to the thicknefs of the.dividing plate. - 


My good withes conclude me yours, 


Hen. HINDLEy, 


Whoever attentively confiders the communication contained 
in the above letters will fee, that more happy expedients could: 
not have been devifed to procure a fet of divifions, where there 
fhould be the moft exact ‘equality among neighbours; and. 
which, for the purpofes of clock-making, is the principal thing 
to be withed for. But herein, as in M. RoEMER’s method, there 
were no means of checking the diftant divifions, which run.on 
to 360: now fuch a check, when the expanfion of metals is con- 
fidered, and particularly the difference of expanfion between 
brafs and fteel, feems abfolutely neceflary for the purpofe of 
divifions upon ‘inftruments, where the accurate menfuration of 
large angles is required, as much as the equality of nejgh- 
bouring divifions *. | 74 

With this view the invention of this, ingenious perfon fia 
gefted to him the thought of making his curved {crew .to lay 

* The ingenious Mr, Srancurere! (fome years a'workman.of Hinpiey's) has 
fugeefied, that the difference of expanfion between the. fteel chaps and -the brafs 


hoop may be avoided by making the chaps of brafs alfo, with hard ftee} a fet, 
feparately thercin, fomewhat fimilar to the jewelled holes of watches. 
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hold of fifteen teeth ar degrees together: this, in effet, becomes 
a pair of compafies, 24 removes of which complete the whole 
circle, and produce 24 checks in the circumference : and whoever 
confiders the very exquifite degree ‘of truth that refults from 
the grinding of furfaces in contact, as already noticed, muft 
expect a very great degree of rettification of whatever errors 
might fubfift in the wheel after its firft cutting. 

What degree of truth it might in reality be capable of upon 
its firft production and adjuftment, 1s not now to be afcertained, 
he never having ufed it for the graduation of any capital inftru- 
ment. Thofe that he made with a view to an accurate meafure 
of angles, he always made with a {crew and wheel, or parts of 
circles cut by his engine into teeth, and ground together as. 
before-mentioned; but I have reafon to think, that its pers 
formance, #f put to a ftrict teft, was never capable of that 
accuracy that he himfelf fuppofed it to have. 

The method itfelf, however, from its fimplicity, and eafe 
of execution, {eems to me to be a foundation for every thing- 
that can be expected in truth of graduation; and in confe- 
quence for reducing inftruments to the leaft fize that is cae 
pable of bringing out all that can be expected from the largeft ; 
when it fhall, like manual divifion, have received thofe advan-. 
tages that the joint labours of the moft ingenious men ean 
beftow upon it. ‘That I may not appear to be without grounds 
for my expectations, I will beg leave to prepofe, what near 
forty years occaftonal contemplation has fuggefted to me on 
the fubje&; and as I can defertbe the procefs I would purfue, 
where different from Hinpzisy’s, in fewer words than I could 
make owt a regular criticifm upon his letters, I will immee 
diately proceed to the deftription of it. 


4 Propofed 
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Prepofed Improvements of Hinpiery’s Method. 


I would recommend the number of parts into which the 
eircle is to be reduced to be 1440; that is 4 times 360; which 
divifions will therefore. be quarters of a degree; the diftances 
of the holes in the chaps will therefore, to a three-feet radius, 
be "5.2, of an inch nearly ; that is, between the one-fixth and 
oene-feventh of an inch diftance center and:center. 

Having provided myfelf with a ftout mandrel, or arbor, for: 
a chock Lathe, properly framed, that would turn a circle of fix. 
feet diameter, I would prepare a chock, or platform, for the- 
end of it, of that diameter, or a little more, compofed of. 
clean-grained mahogany plank, all cut. out of the fame log ;~. 
which, wher finifhed, to be about: 14 ineh thick, and: 
formed in fectors. of circles, fuppofe 16 to make the circles. 
the middle line of each fedtor. lying in the dire€tion of the 
grain of the wood, this will confequently every where point: 
outward: the method of. framing this-kind of work is- well. 
known. 

The way of getting a flip of brafs to anfwer the. circum- 
ference of this platform 1s fuggefted in Mr. Btrv’s Account of 
conftruéting Mural Quadrants. Let.a parallelogram of brafs. 
ef about three feet long, and of a competent {ubftance (fup- 
pofe half an inch) to make it:when finifhied about-one-twen- 
taeth of an inch in thicknefs, be caft. of the fineft brafs; and 
this to be rolled down till it becomes. of fufficient length for 
the hoop, and about one-fifth part more. I would then cut 
off, from the whole length, fomewhat. better than one-fixth 
put, the whole being fufficiently reduced to a thicknefs by the - 
rollers. Perhaps no way will be more ready and convenient to 


get. 
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get fuchalong ftrip of brafs reduced to an equal breadth, than 
the method prefcribed.by Hinpiey ; viz. by turning” it upon 
the chock prepared; but I would not make it wider on one 
fide than the other, like the hoop of a cafk, as he defcribes, 
but exaétly to fit the chock, when truly cylindric; for the 
internal elafticity of the brafs, in fo ‘great a length, will be 
very fufficient for fitting it on tight enough, without any taper- 
ing. This I will now fuppofe done; and a pair of fteel chaps, 
as defcribed by H1npLey, to be alfo prepared, and ready for 
grinding; which, by fuch a careful admeafurement as can 
eafily be made, will give the length of the hoop fufficiently 
near, on its firft preparation. 


Method of forming a Pair of Straps as a check-to the Divefions. 


The part firft-cut off muft be again cut into two equal parts 
in length; which, for diftintion fake, I will call the fraps ; 
and wiich are- to ferve as checks to every 6oth and every 
120th divifion of the circle. 

A fteel plate, of about half'an inch in breadth, the fame 
thicknefs as the ftraps, and in length equal to the breadth of 
the hoop plate, muft be foldered with filver folder to one 
end of each of the ftraps, by which means their length 
will be increafed half an inch by the fteel. An hole muft then be 
made through each fteel plate, of the fame fize as thofe through 
the chaps, and anfwerable to the middle of the ftraps; but fo 
near the border of the fteel, that when the chaps are put on, 
and adapted to the fteel hole, the next hole will fall through 
the brafs. The ftéel plates muft then be hardened; and a‘pin 
being put through the two holes and the two plates, thefe muft 
: be 
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be wrought toa right line in contiguity to each other; by this 
mieans thé ftraight edge of each of the ftraps will be reduced 
to the fame diftance from the fteel hole: the hard fteel edges 
may be rectified by the grindftone, if neceffary. 

This being done, not only the holes in the chaps, but the 
holes in the two fteel plates, applied to each other, like the 
two fides of the chaps, mutt be refpectively ground together ; | 
not with a taper pin, as prefcribed by H1npiey ; but fo as not 
only to be cylindrical, but that the fame cylindrical pin thall 
equally fit them all, and leave them {mooth and _polithed ; 
which is a procefs no ways difficult to a curious artift, and of 
which therefore a minute defcription is unneceflary. 

‘The chaps being then put upon one of the ftraps, with itt 
ftraight edge uppermoft, and a pin put through the holes on - 
the left-hand, and through the fteel hole in the trap under. 
opération, the chaps mutt’ be fet upright, fo that the line join- 
ing the centers of the holes fhall be parallel to the upper edge | 
of the ftrap ; the brafs plate, mentioned by Hinpiezy, between | 
the chaps, as a guide for directing them always to ‘that upright _ 
pofition, may bé then adjufted and” fixed to the infide of the 
chap next the operator *. 

The  performanée of the enfuing pait sf this work fhould be 
at a feafon when the temper of the air is not very variable; 
rather above the mean temper (fuppofe at 60°) than below it ; 


* It would be well, previous to the drilling of the fteel chaps, that another 
bole was drilled in the chaps, that fhouid be fomewhat above the upper edge of 
the firaps, and in the middle betwixt fide and fide, to receive a feady pin therein, 
antecedent to drilling the main holes; for then a tempered fteel pin, a little taper, 
will, by driving it in as far as neceffary, conftantly anfwer this purpofe from firt: 
te lait, fo as to regulate the holes in grinding, to be truly oppofites proper holes 
fhould alfo be drilled for fixing the brafs' guide plate te one of the chaps. 


Vat. LXXVL F but 


34 Mr. Smgarton’s Obfervations.on the 


but above all things the. artift fhould be himfelf cool ; that 
is, not in a ftate of fenfible perfpiration ; and there fhould be a | 
free circulation of air in the room. Things being thus condi- 
tioned in refpect to temperature, he may begin to drill 
the holes in one of the ftraps; the pin being’ firft -put 
through the chaps and through the fteel hole of the ftrap; and | 
the next hole, being drilled through the brafs with a common . 
drill, that andevery hole as it goes is to be finifhed withataper + 
broach, as prefcribed by HinDLEy ; and he may then prove or - 
finifh every hole by the application of a thorough broach, 
made {fo full as to require a degree: of preflure to force it 
through; and this broach being a little tempered, and the | 
holes quite hard, there will be no fear of injuring the ‘fleel 
holes *. 

Calling the hole in the fteel plates 0, and obferving the 
time of beginning, you may proceed to drill 60 holes as pre- 
{cribed by Hinprey ; and noting how long you have been 
about it, you may lay the work afide a length of time, equal 
to the time you took in-drilling; that any addition of warmth 
it may have acquired in handling or working may be again 

‘loft in a great degree +. After this paufe you may begin again, 
and go on to fimfh 60 holes more; that is, to the length of 


~ 


*. The fteel holes in the chaps need not ta be above one-twentieth of an inch in “a 
diameter; and though it may be proper to make the fteel plate, of which they-- ‘ 
are formed, one-tenth of an inch thick, in order to give the {pring formed — 
between them a convenient degree of ftiffnefs, yet they may be reduced (by cham- 
fering the outfides) to half that thicknefs, 

+. As there is not much occation.for the artift to touch his work, the effects ¢ 
of that may alfo be very much avoided by wearing thick gloves; and the friction 
being but flight, and the work almoft continually in the vife, the variation of 
tempexature ia the metals concerned cannot be fenfible or confiderable, 


fy. 'T2qQ. 
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120 holes from the beginning; you then proceed m the fame 
manner with the other ftrap. 


Method of drilling the Hoop. 


You are now prepared to commence the work upon the 
long or hoop-plate; and you proceed therewith, in forming the 
firft hole with the chaps, as before direfted by HINDLEY, and- 
this firft hole you callo. You then place the {traps one on 
each fide the hoop, with their gaged edges upward, and put 
the pin through the holes denominated 60 upon the ftraps, 
and through the firft hole already made, and denominated o 
upon the hoop; then, bringing the gaged edges of the fteel 
plates to be even with the upper or working fide of the hoop, 
you pinch them together in the vife, and drill and broach the 
hole through the fteel plates, which will make the hole, num- 
ber 60, upon the hoop. This done, you put the pin through 
the left-hand hole of the chaps, and the hole marked o upon 
the hoop-plate firft made, and proceed to drill with the chaps 
to 59 holes inclufive, which will fill up the whole fpace from 
o to the 6oth divifion before obtained. 

You now again have recourfe to the ftraps, and placing them 
one on each fide the hoop-plate, you put the pin through the 
120th hole of the ftraps, and through the hole marked o 
upon the hoop-plate; and regulating the fteel plates to the 
hoop-plate as before, you drill and form a hole with the fteel 
plates, which will correfpond with the 120th hole upon the 
hoop-plate; and afterwards filling up the 59 holes wanting, 
by means of the chaps, you then have all completed to the 
120th divifion, which is one-twelfth of the whole circle. 

F 2 You 
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- You then procced, in Nke manner, with another fet of 120 
holes; that is, placing the 6oth hole of the {traps to the 120th 
hole of the hoop-plate, and from it producing the 180th hole ; 
vou, in like manner as before, fill up this 60 with the chaps ; 
and afterwards placing the 120th hole en the ftraps in the 
120th hole on the hooprplate, you will obrain the 240th hole ; 
fo that fillawg up this laft fet of 60 divilions, you have ob- 
tained 241 holes, including 240 fpaces. or divifions of the 
hoop; and repeating this procefs ten times more, you will, in 
like manner, obtain 1441 holes, comprehending 1440: {paces *. 
And this procefs being carried on in temperate weather, the 
manner of working produces twelve ftmilar operations, wherein 
the materials and tools coucerned will not auly be fubjec to. 
very littke change of temperature, but that change, what-. 
ever it is, will be nearly fimilar in each fet of 120 holes: 
we may therefore infer, that the greateft inequality, or 
indeed any that can be fenfible, muft be at every 60 dixifions, 
that is, between the 5gth. and .6oth, and between the: Ligth: 
and 120th, both which will be equally repeated 12 times, in the 
whole length, which 1s te compofe the circum{é Pr ence of a.Csrele, 
and which willthus be checked thereby 12 times in the cir- 
cumference, and 12 times more at the intermediate diftances :. 
that is, with 12 mafter checks, and 12 fubordinate ones, in 
the whole round. 

It is proper here to obferve, that in M. Roemer’s method 
even fixty divifions could fearcely be trufted in an affaiz of great. 
accuracy, on account of the objections already made, arifing 
from the points having fuch flight hold in the furface of the 
brafs ; but here the parts are held fo exceedingly firm, and the 

* It will be proper, for reafons hereafter to be mentioned, to contione the 


divificas to 20 holes more, making in the whele 1467 holes, 
I operation 
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"Operation carried on with fo much power, that any fmalf ine- 

quality in the bardnefs of the brafs, or irregularity of furface, 
cannot be fuppofed to affe& the place of the center of the hole s 
nor will any {mall inequahty that may be fufpeéted from the 
wear of the {fteel holes fenfibly affect the center of the hole, to 
which every thing is ultimately sefesred. 


Method of joming the Hoop. 


A more happy thought than that of Hinpiey’s, for joining 
the two ends of the hoop, could fcarcely have been withed for, 
in regard to preferving the fame equality of the Space between 
the holes contiguous to the joint, as in the other parts: for 
though, geometrically {peaking, the two /addke plates, in which 
the little cylindrical bolts are fixed, for bringing the terminating 
holes of the hoop plate to. their due diftance, being one applied 
within the hoop, and the other without, will belong to circles 
of different radii; yet this difference being exceedingly fmall in 
fuch thin metal, and fo great a radius, and one being as much 
too big for the hoop as the other is too little, when the bolts 
are putin, and the hoop in that part fet nearty to.a circle by a 
mould; the mean between them aflumed by the hoop, from 
the elaftic compreffibility of the materials, will be the truth. 

It muft, however, be remarked, that in the ufe of the ftraps, 
the joining of the hoop fhould not be made at any part betwixt 
an 119th and an 120th divifion, as fome inequality muft be 
fuppofed there, unlefs the faddle plates were adapted thereto, 
The method the moft eafily practifed, will be to continue the 
divifion upon the hoop, about twenty more than the completion 
of the number intended to form the circle, and to cut off all the 


overplus ones at the beginning. 
The 
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The faddle plates I would recommend to contain ten holes © 
each ; fo that 1f the divifions are carried on to twenty more 
than what will be contained in the circle, there will be a piece 
containing twenty to cut off; and this again being cut in the 
muddle will afford ten holes to make each faddle plate; fo that 
there will be a place for a bolt on each fide the joint, and then © 
putting a bolt through every other hole, there will be three. 
bolts at an end. 

The pieces deftined for the faddle plates, thus obtained, being 
broader than can be admitted when put to this ufe, I would advife 
to divide the breadth of the plate into three equal parts; and 
with acutting hook (which perhaps will be attended with the 
leaft violence in the feparation) to feparate the two outfide pieces. 
‘from the middle piece: by this means the two faddle plates 
(though double) will occupy one third only of the breadth of the 
hoop in the middle; and two of the pieces cut off being applied, 
one on each fide of the faddle plate on the outfide, will anfwer 
m like manner for the rivet plates. 

The laft:operation to compleat the joining of the hoop is the 
putting on the rivet plates: to compleat this, I would advife a 
piece of brafs, of three or four inches in length, to be filed fo as 
to an{wer to the infide of the hoop, when reduced to a true cir- 
cular form; and being three-eighths, or one-half an inch in 
thicknefs, to file the oppofite fide fomewhat nearly concentric 
thereto; apply the niiddle of its convex arch to the infide of the 

hoop at the joint, and then bringing on the middle of one of 
- the rivet plates to the joint of the hoop, confine the three to- 
gether by a couple of narrow-chapped hand vifes, leaving a 
{pace between them capable of receiving a couple of pins as ri- 
vets on each fide the joint; the holes for the rivets are then to 
be drilled through all, and a little meee S with a broach at 

their 





Graduation of Aftronomical Inftruments. 39 


their entry, into which {mooth taper pins are to be driven ; not 
with violence, but moderately, that no fenfible ftretching of 
the folid parts may take place thereby ; then cutting off and’ 
f{moothing the heads, fhift the vifes fo as to receive another 
couple of holes, anda third couple in the fame end of the hoop ; 
and proceed progreffively in the fame manner, from the middle: 
to the other end of the rivet plate ; then gently feparate the in- 
ternal brafs mould with a thin knife, or fuch like inftrument ; 
and cutting off, and very lightly rivetting the mner ends, pro- 
ceed to fix the other rivet plate, in the fame manner, on the: 
other fide: by thts means the hoop will be firmly joined in the- 
very pofition given it by the faddle plates and mould. Thefe 
plates may then be removed, the infide of the hoop cleared and’ 
{moothed, if neceflary; and the outfide will have the middle: 
part clear where. the divifions hie, and. that without fenfible lofs. 
or gain in the juncture. 


Method of trans ferring the Divifions of the Hoop to a-dividing Plate:. 


The hoop being thus'refitted. for the chock, that fhould be. 
turned down to leave a fhoulder on one fide, that. the hoop, now. 
reduced to an ‘equal breadth, may be forced againft it.; and the: 
divifions, being equally diftant from one of its edges, will be 
alt found in a circle, as if turned upon it. It fhould be very 
carefully fitted to the chock, that it may-go on with a fufficient- 
degree of: tightnefs,. and without the neceflity of much forcing s. 
and it will be no inconvenience now, if it goes on upon a very, 
flight degree of taper of the chock, as the internal {pring of the: 
materials wilt eafily accommodate it to this.fhape without any. 
injury to its general truth : a flight degree of a groove wears 
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be turned: in the place where the.divifions will come, that any: 
conical pin, | that i ‘is to ferve as an index, let drop into the divi~ 
fions or holes, may not, by reaching through this thin plate, 
abut upon.the wood, rather than upon the fides of the holes : 
and thus this hoop is made. into a wheel of 1440 equal divi: 
fions, moveable round upon its own axis, whereon it was. 
formed. : 

Againft the time that this is compleated, there muft be pre- 
pared a flat circular plate or wheel of brafs, the rim of which 
fhould be of about 3} inches breadth, and about two-tenths of 
an inch in thicknefs when finifhed, to make a dividing plate 5 - 
the external diameter of this is to be fuch, that when laid flat 
upon the furface of the mahogany platformy its extreme edge | 
will exceed the diameter of the hoop by about ‘half an inch all - 
round. There muft alfo be prepared btafs arms (fuppofe eight in 
number) of an equal fubftance with the outer rim, and all con- ~ 
nected with atircular plate ta the middle; and, the whole of 
this. work being framed beforehand, is to be let on flat upon the 
mahogany platfortn; whofe face is fuppofed.to be turned truly 
flat, and fufficiently affixed with {crews : in, this fituation, the 
outward edge is to be turned, and the outward face of the rim... 
turned flat. The center plate, which may be about twelve inches . 
diameter, 1s alfo to be'turned as flat as poffible, and a center - 
hole, of about half an inch diameter, to.be very carefully turned 
therein. 

A piece of clean, ftraight-grained, well feafoned mahogany, of 
about two feet longs three inches thick, and five or fix inches . 
broad, is then to be well affixéd to fome part of the general frame - 
of the lathe, which muft now have its pofition altered, fo that the . 
platform will become horizontal; and therefore the frame fhould - 

See . pes 
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‘be originally made with this view*. The piece of mahogany 
is to be affixed fo that one of its larger faces fhall be in a pa- 
ralle] plane to the face of the platform, and fo low as to clear 
the under fide of the platform in its rotation ; and fo far diftant 
from the center, that an index may be fixed upon this upper 
face of the piece of wood, fo as conveniently to drop into the 
holes of the hoop; while the common cutter frame of a clock- 
maker’s engine fhall be firmly attached upon the fame face of 
‘the wood, and fo fixed as to cut the edge of the dividing plate 
‘into teeth, anfwerable to the feveral divifions of the hoop. The 
teeth need only to be cut with acommon cutter, making a pa- 
rallel notch: and here it will be proper to obferve, that not 
‘only both the index and cutter are to be founded on the fame 
piece or bafe of wood ; but that the nearer they are together, the 
‘more free they will be from the effe&ts of all variations of ex- 
panfions by variations of temperature +. 


The equalifing the Teeth of the dividing Plate by grinding. 


The object of transferring the divifons of the hoop to the 
- teeth of the dividing plate, is {till farther to equalife the teeth 
by grinding ; efpecially thofe that, falling within the compafs of 


-# After changing the pofition of the lathe, the collar of its mandrel fhould be 
removed, and the neck made to move within threc planes, fo as to preferve an 
exaét center, in the manner of an equel altitude inftrument. 

+ It is proper to obferve, that as it may be impracticable to get the rim of the 
dividing plate caft of the proper fize, in one entire piece, it will be very practi- 
cable, if caft of a lefs fize (fuppofe half), but of a fufficient thicknefs, to roll it 
down; and by having the outward edge originally thicker than the inner, in the 
proportion of the radii, it may be fo managed by the rollers as to be of an equal 
_ thicknefs when brought to its proper fize, But the arms and center plate fhould 

be of the fame metal, rolled in the fame degree. 


Vor. LXXVI. G "each 
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each {et of 120 divifions, may be fuppofed, if any, to be mended 
thereby; but as it may be incommodious to conftrué a curved 
{crew,. of fucha length and fize, in HInDLEyY’s method, as 
would be fufficient for the purpofe, I would propofe to ufe two 
{crews of brafs, cut frotn a cylinder in the way fet forth by 
Mr. RamsDEN, each of which, with a very little grinding upon 
this large circumference, would lay hold of ten or twelve teeth 
together. I would place the two {crews, that is, their middles, 
to be ninety divifions afunder; of confequence, when one of 
the {crews is between the 59th and the 6oth, or between the 
11gth and 120th divifion of each fet, the other will be in the 
middle of the {pace divided by the chaps only *. 

The threads of thefe {crews I would advife to be cut a little 
taper, fo that as they grind in, they may fill the notches of the 
teeth; which alfo, by this means, will acquire a little tapering 
towards their extremities; and by entting the notches parallel, 
as Ihave mentioned, the true ground part will oe be certain 
of being at the extremity. 

_ ‘When the {crews have been ufed in grinding till they are 

found to have the effec of a perfeétly equal and eafy rotation all _ 
round, and all the teeth reduced toa fenfible taper, and regular 
bearing, I-would then totally remeve the ferews from the fquere 
block of wood, upon whofe upper face I fuppofe them to have 
been mounted; in like manner as J {uppofe the index and cutting 
frame to have been removed, to make room for the mounting of 

* The beft way of giving an equal motion to thofe twa fcrews, feems to be by a 
siptached exis, carrying two common fat wheels; one acting upon a like flat 
wheol, upom the axis of one fcrew, and the other, in the fame manner, upon 
the other ; and applying the pulley for communicating the power to the middle of 
- the detached axis between the two wheels, the fpring or twift will be equal both 


ways; fo that in turning the contrary way pound, they will fill be in equal 
adyance. 


4 the 


Graduation of Aftronanical Inframenys. 43 
the fcrews. I now confider the teeth of the dividing plate, {fo 
formed, as having all the equality that the prefeht known. flate 
of human art has pointed out ; and the whole convertible'upan 
the axis or mandrel upon which it has been originally formed, 
and the central hole of the plate concentric therewith : I there- 
fore confider the ground faces of the teeth of the plate as the 
attual divifions. It! sw remains to fhew how they are to be 
transferred, to form the sa eas of an iia acai 


aa 


Preparition of the dividing Plate for gradu uating . Inflruments. 


“Tf a fmall. eglinder of hard fteet is daly -polithed,. anil edade of 

& fize fo as juit:to chodk itv betwixt the extremities ofi che.reethy, 
then the certter of that cyilnder wilt: be 2 fixed. pouw}:1apefpead 
to the circumftrence ofthe whicel : if xrtorkter cyliader is applied 
in hike manuet, at thd diftance of 4 number of divifions (fap — 
pofe it a prime number, ‘f6 as to, crofs all. former. divifions, viz. 
17 Of 49), then the middle df the Hine joining the centers of 
the two eplitiders will remain in the diredtion of theifame radius, 
though.ond of them fliguld force in!.a nijaute quantity: further 
than the other 4 and-if'a point #6 affutied in the direction of a 
tangent ‘to 4.citcle at this: middle-point, thet though both the 
cylinders fhduld drop m @ minute: quantity further at: one time 
thin anceley, yet the middle-point would remain. at the fame 
diftacres freni'the-point-in the tangent; provided. chat point was 
réinoved 444 cottipetent diftance, that is, to five or fix ches. 
On this principle'E would conftra&t an index, the two cylinders 
being fixted an 4 franie;: corivertible about the middle-point, and 
to be centeredin the cid of the lever, reprefenting thie xangetit 5 s 
then this “lever being-again convertible about the point in the 
Meme Hine, the middle-point would always have a fixed diftange 
G 2 from 
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from the point in the tangent, and there hold it fteadily faft ; 
the tangent point being aac upon the fixed block before-: 
mentioned. 


Ule of the dividing Plate in the Graduation of Infiruments. 


Our dividing plate is now ready for the reception of aa 
inftrument; fuppofe it a quadrant, whofe radius, however, 
mutft not exceed the radius of the dividing plate: It is to be 
laid upon the face of the dividing plate, and a weight, or 
weights, equivalent to that of the quadrant, is placed on the 
‘oppofite fide, to balanceit. It muft alfo be fuppofed, that the 
quadrant is made with a view to be divided by this engine; and 
confequently, that the central cylinder 1s fo well adapted, and 
nicely fitted to the center hole of the quadrant, that the centez 
cylinder can be removed, in order for the limb to be divided, and 
again replaced, without fenfibly altering its centers. ‘This being 
‘the cafe, leta piece of metal be turned, to apply to the quadrant, 
perfectly like its center cylinder at the upper end, and turned 
nicely to fit the central hole in the dividing plate, at the lower 
end; then, the quadrant being fixed with proper faftening 
{crews, I would cut the divifions with a beam compafs; and, if 
a fixed point is aflumed, vs. tho center of the tangent point 
for the index; then the beam compaf{s being always opened to 
the computed length of the tangent of the circle of divifions, it 
will be fufficiently near for cutting the divifions, fquare to the 
circular arches between which they ate placed. 

It will alfo be proper (to prevent unequal expanfions) that the 
beam of the compafs fhould be formed of a piece of clean= 
grained white fr; and that the length between the points be 
inclofed in a tube of tin or brafs; without touching the beam, 

except 
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except at the terminations, which will in a great meafure protect 
it from both alteration of moifture, and of heat from the body 
of the artift, during the operation. 

It will be likewife proper to have a lever, ar fome equivalent 
contrivance, to bring the dividing plate forward ; that after 
lifting the little cylinders out of the divifions, and refting 
them upon the tops of the teeth, they may be brought gently. 
forward with an equal drag, and ultimately {nap in between 
the teeth, by the ftrength of the {pring commanding the index; 
by this means the drag of the friction of the ae will. be 
_— the fame way. 


Conclufion.. 


Now, if, as it has been fhewn, a quadrant of any radmus may 
be read off to the. 4a0c0dth part of: an: inch, then, this quantity 
upon 2 radius of three feet. will not be fo much as 1$ fecond 3. 
and as the whole of the precefa is garried on by contaét, in 
which. a greater error than that of a 60,ooodth part ef an 
anch cannot be. admitted in any fingle operation, I-fhould 
affuredly expect 2 three-feet quadrant, fo divided, to be true in. 
its divifidns, ahd read off to at moft-two feconds. 

Bat, after all, in an inftrument like this, I thould expect the- 
greateft fource of error to‘be in the want of perfe& coincidence - 
of the. center of . the. divifions with the aCtual. center upon 
which the index revolves; and therefore, that if, inftead of a: 
quadrant of three-feet radius, a complete circle of five feet. 
diameter was divided, and its divifions read off from the two. 
oppofite, points (taking the mean), then the errors of the 
centes. will he wholly avoided. For this reafon, I am very 
ckearly of opinion, that the fagaciows propofition of Mr. Rams- 

DEN, 
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DEN, to ufe circles inftead of quadrants, or other portions of 
circles, will bid much the faireft for perfeétion in a€tual prac- 
tice; and that his ingenious method of making them both ftiff 
and light, by the ufe of hollow conical tubes by way of {pokes, 
in the manner of a common wheel, will enable him to mount 
them of five-feet diameter, updn hollow ages, in the natpre.of 
atranfit. By this means we. thall have all the good properties 
ef both the quadrant and tranfit united ini-oye in@troment; and 
obfervations both of right afcenfion‘and declination, through the 
very fame telefcope, as long: fines attempted by M.'Rogasen 3 
and to a degree of perfection and certajnty, im-point of: dectiv 
nation, hitherto unattainable by the largeft inftruments that 
have yet been made. 


N. B.' In matters of: very:nice determidation, {mall circdm- 
ftances often: come to be: of -cdnfequence; and it‘is in this. view 
that I mention what follows." It was a pra@ice of Hrnpusy’'s 
of many years -ftanding; and fince. followed by myfelf and 
others, wherever hs made atiy' ule of the.weraier;::to lay- the 
verniér plate in the fame plane, ‘or cylindrical furface conti 
hued, whereon the principal divifions areicat, Ie ‘is ‘of equal 
utility, though the vernidr be réjefted, to bay the aidox ftroke 
in the plane of the divifions. > In‘ this way the divifiona’ being 
by convenience upon the extemal borderof the limb-*; feng 
fers - as are ae eet anne $ ket thofe 


limb of the inftrument Subj it to injury : but, to obviate this, it in an Haber 
quadrant made for'me, ‘by my direéfion, by the late Mr. Moroan, in the year 
176, ‘Whérétd ‘the vernict is did even with the divtiditt, thofe are bhottitat' iy a 
Projectioa oflthd fohd part of the limb, beyond the ehkdone;; a oe 
dn the cdgs bf ths limb, to cloar the vernier. aa ee ee ha 
' that 


1 


Graduation of Afronomical Inftruments. 47° 


that with two fets, as a check, will in a great meafure aid 
themfelves, by reading from two different parts of the fame fet 
of divifions; which is very eafily provided for, by putting an 
additional ftroke upon the index plate, at the diftance of 9, 11, 
or any prime number of divifions to 19, 23, or more; and 
reading off from that ftroke alfo; as before recommended for: 
great quadrants, where the vernier is propofed to be rejected * :. 
fo that they will thereby be mutually checked by divifions that 
had no correfpondence in their original formation. 


* I would not have it thought, from my propofal of rejecting the vernier, 
that I have any quarrel with it; I think it a very fimple and ingenious contri-. 
vance, where it is properly applicable; that is, where the ftrokes of the vernier, 
or their eft{mated halves, are fufficient for all the precifion required or expected ' 
from the inftrument, as in Hapxey’s quadrants, theodolites, &c.: but where 
ftill more minute divifions are required than can eafily be had by eftimation from. 
the vernier; to do this by afcrew, as a /upplement to the vernier, appears to me 
in the light of bringing a more accurate tool to fupply the deficiencies of one lefs 
aecurate; when the former might, with more propriety, fupply the place of the. 
Latter altogether. | 
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Il. A Series of Objervations on, and a Difcovery of, the Period 
of the Variation of the Light of the Star marked 3 by Bayer, near 
the Head of Cepheus. In a Letter from John Goodricke, 
Efq. ta Nevil Mafkelyne, D. D. F. R.S. and Aftronomer 
Royal. 


Read November 24, 1 “8 5. 


§ IR, | York, June 28, 1785. 


HE improvements which of late years have been intro- 
duced into aftronomy, fhould be attributed not only to 

the diligence and accuracy wherewith aftronomers profecute 
their obfervations and difcoveries, but in part alfo to your exer- 
tions, and efpecially to that kind encouragement which you 
have, on many occafions, afforded thofe who make this {cience 
their chief ftudy; and I am happy to have this opportunity of 
acknowledging myfelf one of thofe who are much indebted to 
you in this refpe&t. Under thefe impreffions I thought I could 
not do better than to addrefs to you the following account of a 
periodical variation in the ftar d Cephei, which I lately difco- 
vered. This account will, I prefume, be a confiderable addi- 
tion to the few difcoveries that have but very lately been made 
re{pecting the fame fubje&t. They may probably lead to fome 
better knowledge of the fixed ftars, efpecially of their confti- 
tution and the caufe of their remarkable changes. 


My 
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My firft obfervation was O&. 19, 1784; and asI withed to 


eftablith the feveral points of the variation with as great accu- 
racy as the nature of thie fubjet will admit of, I have delayed 
fending this account till now ;_ but as obfervations made through. 
fo long an interval of time muft be very numerous, and would 
only {well this paper to an unneceffary length, I have in the 
following feries formed a felection, chiefly of thofe that were 
made under the moft favourable circumftances; and I muft 
add, that none of thofe that are omitted contradi& the refults. 
From this feries I have fettled, that the ftar has a periodical 
variation of 5 d. 8h. 37’, aurine which time it undergoes the 
following changes : 

1. It is at its greateft hitehiinels about one day and thirteen 
hours. 

2. Its diminution is performed in about one day and eighteen 
hours. 

3. It is at its greateft ob{curation ‘about one day and twelve 
hours. 

4. It increafes in about thirteen hours. 

When it is in the firft point it appears as a ftar of between 
the fourth and third magnitude; but its relative brightnefs 
does not feem always to be quite the fame, being fometimes 
between & and s Cephei, and fometimes only equal to, or fome- 
thing lefs than, . Cephei, or between ¢ Cephei and 7 Lacerta. In 
the third point it appears as a ftar of between the fourth and 
fifth magnitude, if not nearer the fifth ; and its relative bright- 
nefs is as follows: nearly equal to « and Cephei, and confi- 
derably lefs than 7 Lacerte. , 

The relative brightnefs and magnitude of thofe ftars to which 
the variable one was compared, is as follows: € Cephei, the 
brighteft, is between the third and fourth magnitude; s Cephei, 
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the next brighteft, is between the fourth and third; 7 Lacerte’ 
is lefs than s Cephei, and of about the fourth magnitude ; 
e Cephei is between the fourth and fifth magnitude ; and % Ce- 
phei, which is a little lefs than «, is between the fifth and 
fourth. 


AA Series of Obfervations on the Variation of the Light of ibe 


Star 0 Cephe. 
1784, O&. 19, at 8h. I thought it was rather lefs than ra 
Cephei. 
O&. 20, at 83h. it was rather lefs than Gs and about equal 
to: Cephei. 


O&. 22, at 9h, lefs than 1, and — than « Cephei; but 
the air was not very favourable. 

O&. 23, at 6 h. and 11h. lefs than 7 Lacerta, and a little 
brighter than ¢ Cephei. 

O&. 24, at 6$h. lefs than [ Cephei, formewhat lefs than 
: Cephei, and fomething brighter than 7 Lacerte ; ftrong moon- 
light, and air rather hazy. 

At 8$h. torr h. a little lefs than and. Cephei, and 
brighter than 7 Lacertee; air clear and frofty; the moon was 
very low at 11h, 

O&. 25, at6h. 8h. and ri h. nearly the fame; air pretty 
clear, and moon bright. 

O&. 26, at of h. and 11h. rather lefs than. 7 Lacerte; 
ftrong moon-light, but air very clear. 

Od. 2%, 63 h. and rof h. lets than 7 Lacerta, and brighter 
than « Cephei; ditto. | 

a od, 
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O&. 28, at 94h. and 12h. juft the fame, if not lefs; 
moon-light, but the air was remarkably clear. 
O&. 31, at 8h. nearly equal to, if not lefs than, 7 Lacertz. 
Nov. 1, at 114 h. fomewhat lefs than 7 Lacerte ; air clear. 
Nov. 3, at 12% h. equal to, if nota little lefs than, 7 La- 
certz; but the weather was not very favourable: it feemed te 
have increafed fince my firft obfervation, which was at 54h. 
Nov. 5, at 13h. brighter than 7 Lacerta, and lefs than ¢ 
Cephei; flying clouds, but air pretty clear. 
Nov. 6, at 9 h. and 124 h. rather Jefs than 7 Lacerte. 
Nov. 7, at 74h. [thought it ftill rather lefs than 7 Lacerte, 
but at 10% h. and 11 h. it was evidently Jefs than it; air clear. 
Nov. 10, at 11h. and 12} h, fomething lefs than @ Cephei, 
and brighter than 7 Lacertx; clear tky. 
Nov. 11, at 7h. to 12h. a little brighter than 7 Lacerte. 
Nov. 12, at 7h. and 8$ h. about equal to 7 Lacerta. Frem 
93h. to 12$h. it was fomething lefs than 7 Lacerte, and 
brighter than « Cephei. 
Nov. 13, at 64h. to 11 h. only a little brighter than s Ce- 
phei, though fometimes it appeared equal to it. 
Nov. 14, at 74h. brighter than s Cephei, and, I believe, 
equal to 7 Lacerta. There was a hazinefs about 7 Lacerte. 
Nov. 15, at 12h. lefs than { Cephei, and brighter than 
7 Lacerte; fine aurora borealis, but the air was very clear, 
At 18h. ditto; but the air was not very clear. 
Nov. 16, at 64h. and igh. juft the fame, if not decreafed 
at toh. , 
Noy. 17, at 6$h. to 10} h. a little lefs than 7 Lacerta, and 
brighter than s Cephei; air clear. 
Nov. 18, atg h. to12h. and 19 h. little brighter than ¢ and 
& Cephei. 
H 2 Nov. 
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Nov. 19, at 6 h. to toh. jot - -the fame, being but a very 
little brighter than ¢ and & Cephei; air clear. 

At 18h. it was increafed, being now brighter than e and 
& Cephel. 

Nov. 20, ‘7h. to 11h. confiderably biighiee than 7 Lacerta, 
fomething lefs than €Cephei; air extremely clear at 11 b. 

Nov..21, at 6h. exaétly the fame. 

Nov. 22, at 94 h. about equal to 7 Lacerta; moon-light. 

Nov. 25, at 7h. and 8h. lefs than 7 Lacerte, and — 
than e and §Cephei; airclear. ~~ 

At 9h. and 9 h. a little brighter than 7 Lacerte. 

At 1o$h. and 12h. brighter than 7 Lacertz,- and about 
between & Cephei and 7 Lacertz, but rather nearer 7 Lacerte s 
air clear and moon-light.. : | rr 

Nov. 26, at gh. exaétly as laft night. - a ° 

Nov. 29, at 74 and 8h. lefs than 7 Laces and suai: 
brighter than « and £ Cephei. 

Nov. 30, at 8% h. as laft night; airclear. ~- 

At 10% h. between 7 Lacerta and ¢ Cephei,-but nearer «. 

At rogh. rrh. and 12h: ditto, but nearer 7 Lacerte; air 
clear. I have no doubt of its increafe fince Sih. Mr: En 
Picott found it rather lefs than g cae at 184 h. See drs 
Obfervations. | 

Dec. 1, 11h. fomething lef than & Cees aid ere 
than 7 Lacerte. | 

Dec. 3, 123 he lefs than 7 Lacerta, -and cia than 8 
Cephel. 

Dec. 4, 54h. to 12h. little brighter than ¢ and & Cephei. 

Dec. 7, roh. and 11h. between £Cephei and 7 Lacerta. 

Dec. 8, at 10f h. between 7 Lacerte and « Cephei. 
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Dec. g, 114h. ditto, but nearer sCephei; about equal to & 
Cephei. 

Dec. 11, 6 h. fomething lef than 7 Lacerte ; brighter than 
€ Cephei. 

At 73 hh. fomething brighter than 7 Lacerte. 

At 83h. brighter than 7 Lacerte. a 

At gh. and 11h. between & Cephei and 7 Lacerta, but 
nearer 7 Lacerta. 

Dec. 12, at 6h. fomething lefs than ¢ Cephei.. 

Dec. 13, at 94h. —_— o- 7 Lacerta $ one lefs 
than £Cephei. 

Dec. 14, at 83 h. nearly ‘sane to, if. not tafe hie. q eae 

Dec. 17, at 5th,-and 73h. equal to, if:not lefs than, « Ce- 
phei, and between (Cephei and 7 Lacertz, but nearer @°.: 

Dec. 18, at gh. Jefs than s:-Cephel, .and ta c Caf 
and 7 Lacertz, but nearer 7 Lacertee.: 

Dec. 19, at 1yh.'lefs than 7 Lacerta: 5 smndeably brights 
than ¢ and & Cephei: - ‘ 

Dec. 20, at 6h. and 7h. rs equal . tv sg Cap and a 
little brighter than «Cepbes .°. :. aT 

Dec. 21, at 8h. and 18h. nearly sie to i Cephei. 

Dec. 22, at 8% h. confiderably. brighter than 7:Lacertz, : lefs 
than-Z, and a little lefs:than’, Cépheis ftronganoomlighe. .- 


Dec. 25, at 5$h. between 7 Lacerte andeCephei °°‘: 
Dec. 28, at 8h. &c. between..£ Cephei and 7 Lacertz, and 
equal to, if not lefs than, s Cepheix a. <6 ‘ i Vee ae 


Having, in .the .beginning of this ‘paper, mentioned iny 
intention of omitting feveral obfervatiotis, in order to be’ as 
fhort as poftible, I have thought it beft, with thé exception of 
one only, to leave out all that were made in January,’ February, 

and . 





54 Mr. Goonricxg's Obfervations 


and March, becaufe they were much interrupted by the then 
unfavourable ftate of the weather. 


1785, Feb. 8, at 9h. equal to 7 Lacerte; confiderably lefs 
than . Cephei. 

At 1oh. rather brighter than 7 Lacertz. 

Atirh.brighterthan 7 Lacerta ; q little lefs than . Cephel 

April 1, at 11h. about equal to s and & Cephei; weather 
not favourable. © . 
. April 2, at 12£ hb. ditto. 

April 3, at 8h. a little lefs than . Cephei, lefs than Cephei, 
and brighter than 7 Lacertz, 

April 4, at 12h. ditto; if any thing, it 4s lefs than it was 
laft night. 

. April 7, at roh. -about equal to ¢ wd Cephei; but the 
canna was not very favourable, ' | 

April 8, at 7% h. confiderably lefs . than, « Cephei, brighter 
than « and % Cephei ; but the air was not very clear. 

At igh. it was incteafed. 

At 11h. only a little lefs than s Gephei. . 

At 12h. equal to, if nota little brighter than 4 and fefs 
than ¢ Cephei; confiderably brighter than 7 Lacertex. 

April 1a, at 12 bh. a little lefs than e, and nearly _ to 
Cephei. 

April 13, at gh. juft the fame. 

At 11h. feemed rather inepeafed, being equal to ¢, va a 
little brighter than % Cephei. 

April 16, at 11% h. nearly equal to s and & Cephei. 

April-17, at 9h. and rth. rather a little lefs than «, and a 
little brighter than é Cephei. — 

April 
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April 19, at 11$h. about equal to, Cephei, if not a little 
brighter than it; lefs than € Cephei, and confiderably brighter 
than 7 Lacertz. 

April 24, at roh. a little brighter than 7 seni confi- 
derably lefs than , Cephei. 

At 12 h. fcarce at all altered, but if any — it is a little 
increafed ; air very clear, and obfervation good. 

April 25, at roh. and :14h. jittle lefsthan « Cephei, and 
confiderably brighter than 7 Lacerte. 

April 26, at 10h, and 11h, lefs than 7 Lacerta, fomething 
brighter than e, and brighter than £ Cephei. 

May 4, at 94h. and 12 h. a little lefs than ¢ and £ Cephei. 

May 7, at 12h. lefs than « Cephei, and a little brighter 
than 7 Lacertez. 

May g, at 11h. a little lefs than « Cephei. 

May 10, at 12h. between 7 Lacerte and « Cephei, but 
fomething nearere. 

May 11, at roh.and 12h. brighter than . Cephei, lefs than 
¢ Cephei, and much brighter than 7 Lacerte. 

May 14, at 114h. much lefs than ¥ Lacertz, equal to, if 
not a little brighter than, s Cephei, and brighter than Z Cephei. 

May 15, at 94h. lefs than e, and about equal to £ Cephei. — 

May 19, at gi h. and 11h. equal to, if not a little brighter 
than, « Cephei, and brighter than  Cephet. 

May 20, at gi h. 11h, and 12h. a little lefs than «, and 
nearly equal to £ Cephei. 

May 21, at 12h. equal to, if nota little lefsthan, s Cephei; 
lefs than ( Cephei, and confiderably brighter than 7 Lacerte. 

May 22, at 10h. and 114 h. a little brighter than . Cephei, 
the reft as laft night. 

May 23, at 1th. andarg h. nearly equal to 7 Lacert, and 


Jefe than . Cephei. 
7 May 
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“May 25, at 10 h. and 12h. a little lefs than «, and about 
equal to ¢ Cephei. 

May 27, at roh. between f and. Cephei, and confiderably 
brighter than 7 Lacerte. 

May 28, at 12h. between « Cephet and 7 Lacertz. 

June 1, at 9%h. I thought it lefs than s Cephei; air not 
clear, and twilight pretty ftrong. 

At 10$h. and 12h. between € and . Cephei, but rather 
nearer b. 

‘June 2, at 12h. exattly the fame. , 

June 6, at 12h. ditto; the weather was not very favoura- 
ble,‘ but the obfervation feemed good. 

June 10, at r1$h. a little lefs than ¢ Cephei. 

June 12, at 11h. between ¢ and s Cephei. 

-June 21, at 10h. nearly equal to, if not a very little 
brighter than, « Cephei; twilight. 

At r1$h.a little lefs thane, and about equal to £ Cephei. 

June 23, at r1gh. between { and. Cephei, and brighter 
‘than 7 Lacerte. | 

June 24, at 11h. ditto; only a fate view. 

June 25, at r1f¥h. a little, but certainly, brighter than « 
Cephei, brighter than % Cephei, and confiderably lefs than 7 
Lacerte. 

June 26, at 11h. a little lefs than e Cephei, and equal to, 
if not a little brighter than, £ Cephei. 

In the above colleétion I find only two or three miftakes of. 
any confequence, vz. the dates of the obfervations of April 
‘7, and 8, are marked in my journal for April 8, and 9; butI 
have corre€ted them, being convinced they ‘are erroneous: and 
the obfervation of May 10, I think, difagrees rather too much 


from what it ought to be by computation. 
The 
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The following obfervateons weré made by my friend Mr. E. 
PicortT; who, at my: requeft, was fo kind as to obferve the 
far ‘as often as poffible, though then in an ill ftate of health. 
They are, I prefume, fufficient to corroborate the variation of 
the ftar as above ftated, although in one or two places there 
may be found fome little differences between our obfervations. 


MR. PIGOTT’S OBSERVATIONS. 


1784, O&.25, at 12h. rather brighter than 7 Lacerte ; 
much brighter than « Cephei, and much lefs than € Cephei; 
nearly between { Cephei and 7 Lacertz. : 

O&. 26, at 12h. feemed the fame as yefterday. 

Nov. 1, at 12h. brighter than « Cephei; feemed rather lefs 
than 7 Lacertz. 

Nov. 13, at 84h. rather, but very little, brighter than ¢ 
Cephei; lefs than 7 Lacertz. 

Nov. 15, at 12h. feemed rather brighter than 7 Lacerta, 
and lefs than & Cephei. 

Nov. 17, at 8h. lefs than 7 Lacerte; rather brighter than ¢ 
Cephel. 

Nov. 18; at 12h. equal to « Cephei, though fometimes it 
feemed lefs; lefe than 7 Lacertz. 

Nov. 19, at 12h. feemed equal to « Cephei. 

Nov. 20, at 11 h. rather lefs than ( Cephei; brighter than 
7 Lacerte. | 

Noy. 25, at 114 h. if not equal rather brighter than 7 La-. 
certe; much brighter than « Cephei. | 

Nov. 29; at 8 h. equal to « Cephei. 

Nov. 30, at 113 h. brighter than e Cephei; lefs than 7 Lacertee, 
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At 18% h. much increafed ; rather lefS than { Cephei. 

Dec. 4, at 64h. fometimes thought it a and at other 
times brighter, than ¢ Cephei. 

Dec. 11, at 52h. lefs than 7 Lacerta; india — than 
« Cephei. 

Atrigh. rather brighter than 7 Lacerta: ; not at its full 
brightnefs. 

Dec. 21, at 7h. if any difference lefs than e Cephei. 

At 18h. a little brighter than ¢ Cephei. 

- Dec. 22, at 8h. lefs than f Cephei; a little brighter than 
7 Lacertz. 

Dec. 28, at 5h. nearly equal. to [ Cephei had only a fhort 
view of them. 

1785, April 26, at 11%, lefs than @, rather lefs than « Ce- 
phei, brighter than « Cephei, and if any: difference rather 
brighter than 7 Lacerte. 

May 4, at 93 b. much lefs than & Cephei, lefsthan « Cephei, 
and than 7 Lacerta, and rather brighter than « Cephei. 

May 7, at 11h. rather lefs than . Cephei, and brighter than 
¢ Cephei. 

May 9g, at 11h. rather brighter than « Cephei, and much 
lefs than » Cephei, and 7 Lacerte. 

May 11, at 10h. rather lefs than Z and rather brighter 
than »Cephei; much brighter than 7 Lacertze. 

May 19, at 10h. equal tos Cephei, but if any difference 
rather brighter; little hazy and moon-light. The fame at 
12h. but the weather was not hazy then. 

* May 20, at 113 h. and 123 h. rather brighter than « Cephei, 
and much lefs than 7 Lacerte; moon-light ftrong at 11} h. 
May 21, at 123 h. equal to 7 Lacertee; ; lefs than s Cephei. 
May 
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May 22, at 123 h. equal to, if not brighter than, 4 Lacertz ; 
think it brighter than . Cephei. 
May 23, at.112h. feemed fometimes equal to, though gene- 
rally lefs than, s Cephei and 7 Lacertz. 


Having now delivered the obfervations, from whence I 
have deduced the preceding conclufions, nothing more relative 
to this fubjeé&t remains to be mentioned, except the determina- 
tion of the period ; in the doing of which I muft follow nearly 
the fame methods as have been ufed in fome preceding papers. 
It is very evident, froma rough calculation, where only fingle 
periods or very fhort intervals are ufed, that it is about five 
days and eight hours. In order to determine this period with 
preater exactnefs, I have, in the following table, collated fome 
of the mof precife phafes. The firft five are times when 3Ce- 
phei was obferved to be equal to 7 Lacertz during the courfe of 
its increafe of brightnefs, which proceeds rapidly. The five 
next are fimilar times, with this.only difference, that as it was 
not then actually obferved to be equal to 7 Lacertz, a proper 
allowance from the neareft obfervations was made on fuppofi- 
tion that the changes are fimilar in every period. The ten laft 
are affumed times between its leaft and greateft brightnefs, 
which detérminations can hardly err more than a few hours, as 
the whole increafe is completed in thirteen hours; but even 
were it fo, the periods deduced from them would ftill be exact, 
becaufe the intervals are very long. 


Ia 1784 


1784 and 5785. 


D. 
Nov. 25, 
Feb. 8, 
Dec. 11, 
Feb. 8, 
Nov. 25, 
April 8, 
Nov. 30, 
Aprit 8, 
Nov. 30, 
April24, 
O&. 23, 
May 21, 
Nov. 19, 
May 21, 
Dec. 22, 
May 21, 
Nov. 39, 
April 2, 
Nov. 19, 


Dec. L2y 


H 


ag, 
9 


ditto 


ditto 


ditto 


. ditto 


_ ditte 


ditto 


ditto 


‘ditte 


ditto 


x 


39. 
3+ 


Ii 


25 
24 


ag. 


28 


i 


e . 
. 
6 
e 
% 


Hence the period 1s, on 2 mean, 
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“e an interval of 14 periods each of 


ditto 
ditto 


ditto 


. ditto 


ditto 


ditto 


ditto . 


ditto. 


ditto | 


DH. ME. 
$8 34+ 


5 8 54% 
5 § 36 
5 8 40 


59 35%- 


5 8 glk 


5 8 31% 


(5 8 32 + 


5 8 408 | 


5850 _ 


oy ae eens | 


5 8 37i+. 


A few curfory remarks fthall conclude this Paper. What I 
have before mentioned, that the greateft brightnefs of ¢ Cephei 
does not feem to be always quite the fame, is not peculiar to 
this ftar, but is alfo to be obferved in the other variable ones. 
Ihave remarked in a late Paper, that the greateft brightnefs of 
B Lyre is fubjeé&t to confiderable alterations, and thought then 
that it might be owing to fome fallacy of obfervation ; but now 


3 


I have 
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T have reafon to alter, in fome meafure, my opinion on this 
head. Even Algol does not feem to be always obfcured in 
the fame degree, being perceived to be fometimes a little 
brighter than ¢ Perfei, and fometimes lefs than it*. Thefe 
feeming irregularities, however, do not appear to affect the 
period ; for if we compare the fame precife phafes together, it 
will be-found fill regular. This may, 1 fuppofe, be accounted 
for, by a rotation of the ftar on its axis, having fixed {pots that 
vary only in their fize. . 

I need not fay, that the fruation of J Cephei, on account of 
its great northern declination is fuch, that its changes may be 
obferved with great advantage in thefe latitudes, it being always 
fufficiently elevated above the horizon. To ehié circumftance are 
alfo owing its various changes of pofition, which, I find, 
affe&t the comparative brightnefs of the ftars.a little’; but, as 
thefe differences are very trifling, I fhall take so further notice 
of them. be Baik 

If you thiak this account worthy of natice, I beg you will 
be fo kind 2s to communicate it to the Royal Society. 


ry { 


F remain, with great regard, &c. 


JOHN GOODRICKE. 


, ™* This will appear fram an attentive examination of the obfervations of that 
ftar’s diminution in, my two late Papers, which were printed in the LXXIIId and 
LXXIVth volumes of the Philofophical Tranfactions. I did not take much notice 
of it then, becaufe I thought the difference was tdo final! to be relied on; but the 
obfervations I have made finte feom to confirm that it dees really diminih a 
little waequally, M. Micuarn, ina letter to Mr, Ei Preotr, mentions the fame 


fact, . 
3 
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il. Magnetical Experiments and Obfervations. : 
| By Mr. Tiberius Cavallo, F. R. S. 


_ (The Letture founded by the late Henry Barer, Eq. F.R.S.) 


Read November 24, 198 §. 


HE obje& of this lecture is to fhew the properties of 

' & - fome metallic fubftances with refpe&t to magnetif{m ; and 
the experiments herein related feem to afcertain fome new and 

remarkable facts. | | 

The magnetic properties have been generally thought to 

belong only to iron, orto thofe fubftances which contained that 

metal; comprehending under the general name of iron not 

only the metal commonly fo called, but likewife its more per- 

fet and more imperfe&t ftates, viz. fteel, iron ores, amangft 

which is confidered the magnet, and the calces of iron, except- 

ing only thofe which are very much dephlogifticated, for they 

poffefs no magnetic property whatfoever. Some other metallic 

fubftances, and efpecially platina, brafs, and nickel, on which 

the magnet has fome aétion, were thought to be magnetic fo 

far as they contained fome portion of iron, the prefence of 
which may be manifefted by chemical methods in many cafes, 

but not always; becaufe the quantity of iron may be fo excef- 

fively {mall in proportion to the weight of the other metal in 

which it is concealed, as not to be difcoverable by chemical 

' analyfis, and yet it may be fufficient to affect the magnetic 
needle. 


‘N 
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needle. The following experiment will fhew, that an exceed- 
ingly {mall quantity of iron will render a body fenfibly mag- 
netic. | 

Having chofen a piece of Turkey-ftone, which weighed 
about an ounce, I examined it by a very fenfible magnetic 
needle, and found that it had not the leaft degree of mag- 
netifm, the needle not being moved from its ufual direction by 
the vicinity of any part of the furface of the ftone; I then 
weighed a piece of fteel with a pair of {cales that turned with 
the twentieth part of a grain, and afterwards drew one end of 
it over the furface of the ftone in various direGtions. This 
done, the piece of fteel was weighed again, and was found to 
have loft fo {mall a part of its weight as not to be difcernible 
by that pair of fcales; yet the Turkey-ftone, which had ac- 
quired only that fmall quantity of fteel, affected the magnetic 
needle very fenfibly. Chemiftry feems not to afford any means 
by which fo {mall a quantity of iron may be decifively detected 
in a body that weighs one ounce. Hence it follows, that 
though no iron 1s to be difcovered in a body by chemical me- 
thods, yet it fhould not be concluded, that the faid body, if it 
affe& the magnetic needle, does not own its magnetifm to fome 
{mall quantity of iron concealed in its fubftance. 

Nickel is a metallic fubftance which has been fufpected to be 
capable of acquiring fome degree of magnetifm independent of ° 
iron; andthis fufpicion has been founded upon obferving, that 
nickel retained its magnetif{m after having been repeatedly puri- 
fied*. There are, however, -perfons who have denied the 
magnetifm of purified nickel; and] have feen fome pieces of 
it which did not in the leaft affect the magnetic needle. It 1s 
probable, that thofe pieces were not pure nickel, and perhaps 


* See Krnwan’s Mineralogy, p. 342. and 367. P 
ome 
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fome cobalt was contained in them; but I fee no reafon why 
the nickel, when alloyed with a little cobalt, fhould thew no 
magnetifm, if that property does oo belong effentially 
to it. 

“The greateft number of my experiments are relative to the 
properties of brafs; and they feem to prove, that this com- 
pound metal, which is often magnetic, does not owe itd map 
netifm fo iron, but to fome particular configuration of its ¢éom= 
ponent particles, occafioned by the oe method of hardening 
it, which is by hammering. 

In fome fpecimens of brafs, and efpecially in that which has 
often paffed from the work-fhop to the furnace, and from the 
latter to the former, there are fometimes pieces of iron fenftble 
not only to the magnet, or the chemical analyfis, but even to 
the fight, which render the brafs ftronply magnetic. But the 
brafs generally ufed in my experiments was fuch as, when quite 
foft, it had no fenfible degree of magnetifm. 

Before we begin with the narration of thofe experiments, it 
will be proper to defcribe the magnetic needle I generally ufed; 
~ which is fufpended in a particular manner; and which may be 
ufeful to perfons who are fond of making magnetic experis 
ments, not only for its fenfibility, but likewife for the fimpli4 
city of its conftruction. 

Experience having fhewn, that large magnetic needles are 
not proper for experiments wherein a very {mall degree of mag- 
netifm muft be afcertained, and the free motion of the ufual 
{mall needles being proportionally more obftructed by the nature 
of their fufpenfion, even when furnifhed with agate caps, . I 
endeavoured to contrive a fort of fufpenfion which might an+ ° 
{wer thre purpofe better than the needles fufpended in the ufual 
manner ; and, after feveral attempts, at ‘laft I conftruéted a chain 

of 
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of horfe-hair, confifting of five or fix links, to’ which the: 
needle was fufpended. Each link is about. three-quarters of ‘an. 
inch i in diameter; and the extremities of each piece of hair, 
which is formed in a fing, are joined by a knot, and fecured by 
a little fealing-wax. The link on one end of this chain is 
{ufpended to a pin in a proper frame, or any fupport that may: 
be at hand; and to the link of the other extremity which lies 
lowermoft, a piece of fine filver wire is hooked. This wire is 
about an inch and a half long, and its lower extremity’ is 
fattened round a fmal] and cylindrical piece of cork, through 
avhich a common fewing needle, made magnetic, is thruft 
horizontally. Thus the magnetic needle is fufpended by. a 
hair-chain, the links of which, on account of: the: finoothnefs 
and lightnefs ‘of the hair, move very freely'in cath ether, and 
allow the needle mote than a whole revolution round its ceritré, 
with fo {mall a degree of friction as may be confidetéd ‘next té 
nothing. By comparing this needle with others of the beft 
fort in ufe, I find the former to be much-more fenfible; for 


‘when bodies which have an exceedingly {mall magnetic power 


are tried, this needle will be frequently attracted by them when 
the others are not fenfibly affected. 


In order to try farther the delicacy of fach fafpenfion, I 
‘placed a piece of lookirig-glafs under the needle, and ‘nearly 


horizontal, fo that the image of the needle was :{een in ‘it. 
Now, as a fine line had been previoufly marked on the glafs, 
things were fo difpofed as that the image of the; needle might 


‘coincide with the line marked on the glafs, the eye‘being placed 


in a proper poitit’ of view; afterwards, by fhaking the needle 


ether very gently or very. quickly, I repeatedly endea- 


voured to place it out of the magnetic meridian-; but -every 
Vor. LXXVI. K endeavour 
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enleavout proved meffectual, for. the needle conftanely fetgled 
in. the fame direction, without any fenfible variation. 

With a needle thus fufpended a variation campafs might be 
very eafily conftructed, and it would perhaps ‘be more accurate 
than thofe commonly in ufe. For this purpofe the needle 
eught to be about three inches long, and-the piece of looking~ 
glafs-ought to be fixed upon the index of an HADLEY’s fextant, 
which muft be placed horizontally under the needle, with -its 
edge or fiducial, line in the meridian of the place, in order to 
gbferve the daily variation of the needle. I have made only 2 
rough model of fuch a variation compafs, and it feemed ‘to 
anfwer very well. This conftruétion appears to have the fol« 
lowing advantages over the common fprt: .1ft, the-needle being 
cylindrical, and without a hole in the middle, would be lefg 
fabjeét to have-more-than two poles. adly, The needle being 
flender, its poles would ftand more exaétly in its axis, which with 
the common flat needles is feldom the cafe. 3dly,; It will ap- 
~ péar, by a little .confideration,' that in this conftruétion there is 
no need of the neéedle’s center of motion keeping always in the 
fame invariable! point, which renders:the conftrudtion both.very 
eafy and very accurate: and, laftly,:as the. fextant may be 
placed at a confiderable diftance. below the needle, and the reft 
of the frame may be’ made of any fize, there would be no ne- 
ceffity of placing any brafg or other metal fo near the needle.as 
might affeét it in cafe this. metal had any magnetifm, which 
generally happetys with brafs. . 

In order to exatgine the magmetifm of divers fubftances, be- 
‘fides the above defcribed needle, I ufed to put a {mall magnetic 
needle upon water, and then bring the fubftance to be exa- 
-mined near it, or place the fubftance itfelf upon water, 
fometimes 
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fometimes -refting it wbon pieces of ii and then — a 
powerful — ‘Bear it. 


Examination of the Magnetical Properties of Brafs. / 


_ A oe years ago, being intent on making fome magnetie 
experiments, 10 which brafs was concerned, I ufed to examine 
firft whether the pieces of brafs had any magnetifm or not, and 
rejected thofe pieces which had an evident degree of that 
power. In the courfe of thofe experiments I remember to have 
obferved, that thofe pieces of brafs which had been hammered 
were generally magnetic, and much more fo than others; in 
coufequence of which ] made no ufe of hammered brafs in 
thofe.experiments.. Bue lately, having ordered a theadolite at 
a philofophical inftrument .fhop, I particularly enjoined the 
workmen to try the brafs, beth foft aud hammered, before they 
worked it, and.to make no ufe of that which had any magr 
netifm. They found, that hammered brafs, even fuch as 
before the hammering had no magnetifm, could afterwards 
difturb the magnetic needle very fenfibly. Thefe obfervations 
induced me to make the following experiments, 


EXPERIMENT I. 


An oblong piece of brafs,. weighing fomewhat lefs than 
half an ounce, being examined by prefenting every part of its 
furface to the fufpended needle,. fhewed no fign of magnetifm 
whatever. It was then hammered for about two minutes; the 
confequence of which was, that ‘it became magnetic fo fat as 
to attra either end of the needle from abeut a quartet of an 
inch, This fame piece of brafs being now put into the-fire fo qs 
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to become red-hot, by which means it was foftened, and when 
cold being prefented to the fufpended needle, its magnetifm 
was found to be entirely gone. Hammering made it again mag- 
netic. Softening by fire took the magnetifm away a fecond 
time; and thus the magnetifm was repeatedly given it by 
hammering, and was deftroyed by foftening ; fometimes fhew- 
ing to have acquired a fenfible degree of that power, even. 
after two or three ftrokes of the hammer. 


BXPERIMENT II. 


The refult of the firft experiment would ‘naturally indtfce 
ene to fufpeét, that the hammer and anvil might have im- 
parted fome fmatl quantity of fteel to the brafs, which ren+ 
dered it magnetic; and that this magnetifm was deftroyed 
in foftening the brafs, infomuch as the fire calcined the fmali 
quantity of fteel that had adhered to it. In. confequence of 
which confideration, I took other pieces of brafs befides that 
‘afed before, and hammered them between card-paper, chang+ 
Hig the pieces of paper as. often as was neceflary, fince they 
were eafily broken by the hammers but the pieces of brafs 
became conftantly magnetic by the hammering, and their mage - 
netifm was deftroyed by fire. 

In this experiment I generally gave to the brafs not above 
thirty ftrokes with the hammer. 


EXPERIMENT IIT. 


Still fufpecting that the hammer and the anvil might have 
imparted fome {mall quantity of iron to the brafs, becaufe the 
pieces of cardepaper fometimes were broken by the firft or 

feeond 





Experiments and Objervations. 69 


fecond ftroke, in which cafe either the hammer or the anvil’ 
touched the brafs; I hardened a piece of brafs by beating it 
between two large flints, viz. ufing one for the hammer, and 
the other for the anvil. The piece of brafs became magnetic, 
though in this cafe it feemed to have acquired not fo much 
power as when it had been hardened with the hammer; but 
it muft be obferved, that the flints being rough and irregular, 
the piece of brafs could not be hardened by them {fo eafily, or 
fo equally, as by the other method. 

The flints, being examined both before and after the experi- 
ment, were found to have not the leaft degree of magnetifm. 


EXPERIMENT IV. 


A piece of brafs, which by hammering had been rendered 
fo ftrongly magnetic as to attract either pole of the needke from 
about a quarter of an jnch, was put into a crucible, together 
with a confiderable quantity of charcoal duft, which furrounded 
it every where. The: crucible was covered with clay, and 
being put into the fire, was kept red-hot for about ten minutes: 
After cooling, the piece of brafs was taken out of the crucible, 
and being examined, was found to have entirely loft its mag- | 
netifm. The obje& of this experiment was to afcertain whe- 
ther the lofs of magnetifm, in a piece of brafs that was 
foftened, was owing to the calcination of the ferrugineous par- 
ticles, which, notwithftanding the preceding experiments, 
might ftill be fufpeéted to be imparted to it; becaufe in this _ 
way of foftening the, brafs, the ferrugineous particles being 
furroynded with charcoal duft, could not have been calcined; 
herice the brafs ought not to have loft its magnetifm, which 


was not the refult of the experiment. 
; eS “EX PE- 
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EXPERIMENT. Ve 


One of thofe pieces of brafs which had. been wed for the 
foregoing experiments, and which had been deprived of mag- 
netifm by fire, was hammered between two large and pretty 
thick pieces of copper, which were not in the leaft magnetic ; 
and, after a few mines of the hammer, it became mn 
magnetic. 


EXPERIMENT VI. 


In order to examine the difference of this property in brafs of 
various kinds, I have tried a great many pieces of Englith as 
well as foreign brafs; fomé of which was very old, and. fo 
fine and uniform, that an eminent watch-maker of my ao< 
quaintance ufed it for the very beft fort of watch work. But 
I find, that they moftly have the property of becoming mags 
netic by hammering, and of lofing that power when foftened. 
There are, however, fome pieces which acquire no magnetifna 
by the hammering, though they are rendered equally hard by 
it as thofe which acquire the magnetifm. By attentively exa- 
mining them, I have not yet been able to diftinguith, without a 
trial, which pieces are capable of acquiring magnetifm, and 
which not; the colour, apparent texture, and degree of dudcti- 
lity feeming to afford no fure indication. In fhort, what I have 
obferved relating to the magnetic properties of brafs is : 

ft, That moft brafs becomes magnetic by hammering, and 
lofes the magneti{m by annealing or foftening in the fire. 

2dly, That the acquired magneti{m is not owing to particles 
of iron or fteel imparted to the brafs by the tools einployed. 
sdlys 
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.- gdly, Thofe pieces of brafs which have that property, retain 
at without any diminution after a great number of repeated 
trials, vs. after having been repeatedly hardened and {oftened. 
But I have not found any means to give that property to fuch 
brafs as had it not naturally. 

4thly, A large piece of brafs has generally a magnetic power 
fomewhat ftronger than a {maller piece; and the flat furface of 
the piece draws the neeedle more forcibly than the edge or 
corner of ‘it. | 
_ gthly, If. only. one end of a large piece of brafs be ham- 
mered, then that end alone will difturb the magnetic needle, 
and not the reft. - 

; 6thly, The magrietic. power which brafs acquires by hame 
mering has acertain limit, beyond which.it cannat be increafed. 
by: farther hammering. ‘This limit is various in pieces of brags. 
of .different thicknefs, and likewife of different quality. 
gthly, Though there are: fome pieces of brafs which have 
not the property, of being rendered magnetic by hammering;. 
yet all the preces. of magnetic brafs, that I have tried, lofe their: 
snagnetifm by being madered-hot,. excepting indeed when fome 
~-piece of iron.is concealed: in them, which fometimes occurs ; 
but in this cafe, the piece of brafs, after having been made red-hot 
and cooled, will attract the needle more forcibly with one: part 
of its furface than with the reft of it; and hence, by turning 
‘the piece of brafs about, and prefenting every part of it fuc- 
ceffively to the: fufpended magnetic needle, one. may eafily 
‘difcover in what part of .it the iron 18 lodged. 

From thofe obfervations, it follows, that when brafs is to ba 
ufed for the. conftruGtion of inftruments wherein a magnetic. 
needle is concerned, as dipping needles, variation compafies,. 
&c. the brafs fhould be either left quite foft, or it fhould be 

4 chofen. 
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chofen of fuch a fort as will not be made magnetic by hammer- 
ing, witich fort however does not occur very eafily. i 


Examination of the Magnetic Properties of fome other Metallic 
Subfances. a 


The refult of the experiments on brafs mduced-me to exa- 
mine other mietallic-fubftances, and efpecially its components, 
viz. copper and zinc: though the refult of the experiments has 
not beer very remarkable, excepting with platina, which metal 
has properties in great meafure analogous to thofe of brafs. 

Having examined various pieces of copper, by means of the 
fufpended magnetic needle, and having never found them mag- 
netical, except only fometimes in fuch places which had 'been 
filed, and where fome particles of fteel: might have’ been left 
by the file, I next proceeded to hammer {ome pieces of it, ‘not 
only in the ufual way, but likewifé' between’ flints : the refult, 
however, was very dubious; for though, in general, they had | 
no effect whatever on the needle; yet fometimes 1 thought the 
needle was really attraGted by fome pieces of hammered copper 5 
but then this attraG@tive power was fo exceedingly’ {inal as not 
to be depended upon. : 

Zinc, ether not hammered, or hammered as far-as could be 
done without breaking it, thewed no figns of magnetifm what- 
ever, when prefented to the magnetic needle. A mixture of 
zinc and tin neither had any action upon the needle. ? 

A piece of a broken reflector ofa telefcope, which confifted 


of tin and copper; a mixture of tin, zinc, anda little copper ; 
‘a piece of filver, both foft and hammered; a’ piece -of pure 
‘gold, both foft and -hammered ; a mixture of gold and filver, 


both hard and foft ; ‘and another mixture of a great deal of 
I ~  falver, 
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Giver, 8 little copper, and a Jefs « juantity of gold, either be- 
fore- ‘OF after hammering, had pot the leaft ation on the mag- 
netic peadle, : 
Patina was the metal I laft examined, and the. experiments 
made with it fear to deferve particular attention. 


EXPERIMENT i, 

A large piece of platina, which, after being precipitated from its 
folution in aqua regia, had been fufed, or rather concreted toge- 
ther, being prefented to the fufpended magnetic acedle, thewed - 
not the-leaft-fign of magnetifm. It was then hammered ; but 
dfter the third or fourth ftroke of the hammer it broke into 
many pieces, feveral of which being tried, fhewed no magnetifm, 
nor could any of the fineft particles be attracted by‘ the magnet 
prefented very neatly over them. ‘The broken furface of thie 
piece of platina was full of cavities, fome of which were large, 
and others juft difcernible ; and altogether the metal feemed to 
have undergone-an imperfect fufion. : 


EXPERIMENT If. 

The grains of native platina were examined next, by put- 
ting a magnet juft over them; but the magnet attracted not 
above ten or twenty particles out of about half an ounce of 
platina: and thofe which were attracted had either little or no 
fhining metallic appearance like the reft, and were exceedingly 
{mall 


| EXPERIMENT III. 


- Haying .pieked out feveral of the largeft grains of plae 
tina, I prefented the magnet. to them ; 5 but they were not 
. Mor. LXXVI. L | in 
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in the leaft attraéted by it. One of thofe grains was then 
hammered; by which means, after about eight ot ten ftrokes, 
it was f{pread into a plate, about a tenth of an inch in diameter, 


and nearly circular; afterwards the magnet being prefented to __ 


it, the former attracted it from the diftance of about one-twen- 
tieth of an inch. The other grains being all hammered one 
after the other, were rendered by it fo far magnetic as to be 
attracted by the magnet, and to difturb the. fufpended needle 
when they were prefented toit. But there were fome amongft 
them which acquired no magnetifm at all, though they had 
been purpofely hammered much longer than the others. 

As far as I could obferve, thofe pieces which would not ac- 
quire any magnetifm by hammering, had not a very fhining 
appearance before the hammering, though afterwards they 
could not be diftinguifhed from the others by their appearance. 5. 
and they feemed not to f{pread under the hammer fo eafily as the 
-others. 

In general three or four ftrokes are fufficient to render a grain 
of platina evidently magnetic, but about ten ftrokes give it the 
full power it is fufceptible of. . 


EXPERIMENT lV. - 


Thofe grains of platina, which in thé preceding experiments 
chad been rendered magnetic by Hammering, beirig: put‘upon a 
charcoal, were made red-hot by mearis of a blow-pipe; and 
afterwards being prefented to the magnet, and likewife to the 
fufpended needle, they fhewed not the leaft-fign of magnetifm. 
Heat, therefore, deprives them as well as brafs of the mag- 
netifm ‘acquired by hammering. A fecond hammering -ren- 
dered them magnetic, though not fo quickly, not to: fo great a 


3 _ 1.4 depvee, 
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degree, as it had done the firft time. However, it muft be ob- 
ferved, ‘that the pieces of: platina having been rendered flat and 
thin by. the firft hammering, could not ‘be fo sally, ftryck, nor 
{pread much more, by the fecond. 

If it is true, as thofe. expérithents feem to prove biped a 
doubt, chat magnetifm may exift, or may belong to other 
fubftances, independent. of iron, . it muft follow, that the 
attraction of a few. particles of an unknown fubftance by the 
magnet is not a-fure fign of the prefence of iron. Hence thofe 
iubftances, which hitherto have been confidered as containing 
ferrugineous particles, for no other reafon but becaufe the mag- 
net attracted a {mall quantity of them, muft be confidered as 
dubious; and the conclufion of the exiftence of iron fhould not-be 
admitted, except. when thofe: particles, which have been fepa+ 
sated by ; the magnet,! appear to, be iron by” {ome other trial; 
for though it is true, that ison .is always attrafted by the, mage 
net, yet it does not hence. follow. that whatever is attracted by 
the magnet muft be iron. 


POSTSCRIPT 


THE exiftence of ‘niagnetifin, or of the power of attr adting 
che interférence of 1 iron or any fermgineowis ‘fatter, being 4 
propolition not only new ahd fingular, but feemingly of im- 
portatice ‘in philofophy, the experiments , ‘which tend to confirm 
it fhould be never deemed fuperfluaus, nor any poffible objection 
be left unanfwered : hence, fince the wiititig of the ‘fore* 
going paper, I have endeavouted to raife objections, and te con- 
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trive fheaiS bf explahiitif thet 3 Bit every eehfidetatien feemed 
to confirth the ptopofition advanedd, The principal of thé obs 
jeGions was, that thé brafs which becomes magtictic by huii- 
mering and lofes that power by foftenitip, might contuin 4 
{mall quantity of ifon, t6 which that magnetic powét was 
owing; and that this iroh or martial earth, ‘difperfed thiough 
the fubftancé of the brafs, mijehit beeome phiogifticated by thé 
action of hammering ; 5 itifortiuch: as the  brafs -being forced 
into a fmaller {pate might perhaps give fome bf its” phlogifien 
to the martial earth, aiid thus fender it mapneétie} arid, on thé 
_conthary, the aétion of the fire in fofteriizig might: remove that 
phiogifton from tite, ‘martial earth, and give it to the ‘brafs 5 
hence the former; rétHaininp quite Wephlogifticated, would ne 
Jonger fhew any fighs‘of magnetifm. The. cétifideratlon ‘that 
iron may be dephlogifticated or éalcited tnofe eafily‘than brats 
Pave’ an apparent weight fo the fuppofition ; But the following 
experiments feem to expél every doubt, =! 


EXPERIMENT iI, 


_ Having chofen a piece of brafs which would: acquire no 
magnetif{m by hammering, I placed it updn the antvil, together 
, with a confiderable quantity of crocus martis, which crocus had 
no aétion on the magnetic needle; then began hammering the 
brafs, and turning it frequently, i in’ order to let part of the 
crocus adhere to it; and, infact, the crocus had in feveral 
places beein faftened fo well into the brafs, that hard wiping with 
a woollen cloth would not rub it off. The bras appeared red in 
thofe places; but, after having been hammered for a long time, 
jt acquired no magnuetifm whatever. ‘The “hasdening, there- 
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fore, could not render the iron calx fo far phlogifticated as to 
affect the magnetic needle. — 


EXPERIMENT m 


i order €o diverfify the preceding sedietaaiitt I drilled a: 
holt, about one-eighth.af an inch long, and little more than: 
one-fiftieth of an. inch in. didnhetet, into a.pleed of brafs that 
was not rendered magnetic by hamniering; and filled it with 
érocus martis; then I hammered the piece. of brafs, thus ine 
elofing. the dalx of iron, and afterwards: piefented it.‘ta the 
needle; but. there was not the'léaft fign of attraction: the 
martial earth, therefore, had not acquired any ——!s Ecom: 
a brafs by the attion of senrumaii a | 


EXPERIMENT TH. "geal 


The piece of bats mentioned i in the preceding experiment, wie 
with a little calx of iron.in it, was putinto the fire, and was made- 
quite red-hot, in which ftate ig remained for.about:three mi- 
nates. Then, after cooling, it was prefented to the magnetic: 
needie, and this.was.attraCted by the brafs only: in that place 
whertin the, oalx. of iron was contained. . The aétion, there-. 
fore, of the fire had.rendered the martial earth fo far phlogitti- 
cated as to attraét the magnetic needle; hence, if the mag-- 
netifm of brafs was owing to any ferrugineous matter contained | 
init, a piece of brafs ought to become magnetic when foftened,. 
which is contrary. to the experiments mentioned in this. 


paper. 
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EXPERIMENT IV. 


A hole, fimilar to that mentioned in the fecond experiment, 
-was drilled into a piece of brafs that would not become mage 
netic by hammering, and into it was put fome: black calx‘of 
iron, which was fo far phlogdfticated as-to be attraCtable by the 
rnapnet, and the hole was clofed by a few ftrokes of the ham-. 
‘mer. In confequence of which the piece of brafb, when: pre- 
fented to the fufpended magnetic needle, would - attract it only. 
about that place where the magnetic.calx was: contained. . This 
attraction was very weak. Then the piere-of. brafs;::thus ‘pres. 
pared,:was put into the fire, and was kept for about fix minutes, 
in a heat very little fhort of that neéceffary tq melt brafs, ‘and 
after cooling I prefented it to the needle, expecting that the 
fire might have dephlpgifficated-that. calx of.iron fo far as not 
to let it aft any longer upon the needle ; ; but the attraction 
appeared to be‘of the fame dégree it was béfore the heating’. - 

Kt feems, thetefore, to be demionftrated, as far ‘ag''the: fubs 
ject will admit of’ demonftraticn, that the magiietifti acquired 
by brafs, when hammered, ‘is not owing to won ‘eontainéd’§ in 
it; and; ‘edinfequently, that niagnetifm,' or the power ‘of being 
attracted yy and aitrading ja inagnet, _ exif x oe f 
itons: PY ole. a 
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TO DR. BLAGDEN, SEC. Ri Se 


SIR, . - Windfor, January 9, 1786c- 


¥-HAVE made the experiment which you recommended 
me: 0 try, relating to the magnetifm of brafs; v7. I mixed, 
by means‘ of the blow-pipe, a fmall quantity of ison, with 
about four times its weight of fuch brafs as would not become 
anagnetic by ‘hammering. The whole globule weighed about 
two grains, and it ‘attraéted the magnetic needle very power- 
fully. I then melted this globule of brafs and iron with about 
fifty grains of the fame fort of brafs as had been ufed before. 
After kdoling{ the’whole lump of brafs appeared to have very 
little power upon the magnetic needle, every part of its furface 
attracting one end of the fufpended needle, fo as to let it juft 
adhere to it when the air was not at all difturbed. But this 
weak and hardly perceivable degree of magnetifm was not in- 
creafed by hammering, nor annihilated by foftening. 

In the courfe of my experiments on the magnetifm of brafs, 
I have twice obferved the following remarkable circumftance. 
A piece of brafs, which had the property of becoming mag- 
netic by hammering, and of lofing the magnetifm by foftening, 
having been left in the fire till it was partially melted, I found, 
upon trial, that it had loft the property of becoming magnetic 
by hammering; but having been afterwards fairly melted in a 
crucible, it thereby acquired the property it had onginally, 


viz. that of becoming magnetic by hammering. 
I have 


8e Mr. Cavayze’s Mygneticgl Kxporiments, 8c. 

Thave likewife often obferved, that a long continuance in a 
fire fo {trong as to be little fhort of melting hot, generally dimi- 
nifhes, and fometimes quite deftroys, the property of becoming 
magnetic ‘in brafs.’ - At the fame ‘time, the texture of the metal 
is confiderably altered, becoming what fome workmen call 
rotten. From this it appears, that the property of becoming 
magnetic’ itt brat. by hammering, is rather owing to fome 
particular cesfiguration pf its pects, than $6 the admixtyre of 
Any iron; which is eonfirmed fill farther by obferving, that . 
Amaetch plate-brafs (which is made not by. melting the sepper, 
hut by: keepisig it-in 2. {trong degree of heat whilft {urnonnded 
by dapes calamiumaris) alfo pofiefies that property; at Jeaft all 
oe Pieces of ee which I have tried, have that BPOpEHY an 


lam, fe. a 
| oT, CAVALLO. . 


i es 








{7} 


1V. On Infinite Series. By Edward Waring, M. D. F.R. S. 
Lucafian Profefor of Mathematics at Cambridge. 


Read December 15, 1785. 


1. JN the Paper, which the Royal Society did me the honour 
to print, on Summation of Series, is given a method of 


finding the {um of a feries, whofe general term (~ ) (where 


a is a fraction reduced to its loweft terms) is a determinate al- 
gebraical function ofthe quantity () the diftance from the firth 
term of the fertes, which always terminates when the fim of 
the feries can be. expreffed in finite terms. 
_ a. The. terms of every infinite feries muft neteffarily be 
given by a funttion of x, or by quantities which can be re~ 
duced. to a function of s. 
3-LetQ=AxA’x A" x ..A"xBxB’ xB’ x ...B°xC 
CixC’x .. C”"xé&c. where A’, A’; A®... A”, are fuc- 
cofive values of A; that is, refult from A .by writing in it for 
x refpectively 3-+.1, 3+ 2,%343,..%-+2; and B’, B’:*, Bis, 
B™, refult from B, by writing in it for x refpectively s+ 1, 
Rt 2, 8+ 3,.-.3+¢m; but B is nota fucceflive valueof A; &c. 
-Let the numerator P= E.E’. E”.. EY. FF’... Beet 
«LL; BY, BY... Bet; FF’, Fees, Fr, &e. denoting fuc- 
cofive values of the quantitics E, F, &c. refpedtively ; and L, 
admitting of no divifor of the formula K x K’, where K’ 1s 4 fue- 
' Vor. LXXVI. M ceflive 
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ceffive value of K: let L=AxBxCx &c.x EM x F" x &c. 
xp xg xr’ x &c.—-A™x Bex Cvx &c. x Ex F x &e. x px 
qxrx&c. where ~’, 9’, 7°, &c., are Irrational quantities and 
fucceflive values of b> 91 Ty bcc. The factors A B, C, &c. E*, 
Fs, &&. being given, the factors p’, 9’, 1’,"&c. into which they 
are multiplied in the quantity L will eafily be deduced by de- 
ducting the preceding irrational factors contained in A, B,C, 
&c. E*, F', &c. from ‘the correfpondent irrational factors con- 
tained in L;.and in the fame manner, from the factors A’, 
B, &c.E, F, &c. can be deduced the irrational factors of the 
- preceding py 4, r,&c. 

scat a for the fum of the feries fought the penity 

EXE xE*.. SEU" x FX FE. . FM x ae. 

A. A. es AM KB XB XB. 2B KOC. aC ° "x &e. 
xp kgxrxsx &e. (ax” + Ba" + ya" 4 &e.) =V 5 ‘where 
mis‘ whole. number,’ and @;8, y, &c. are co-efficients. to be 
‘inveftigated ; .write: in V for its fucceflive value x4 1,-and 
Jet the refult be W ; reduce the difference W —'V into a fraétion 
:in its loweft tefmsy and. make the.co-efficients of the correfpon- 
-dent terms of the refulting fraction = (W ~ V) and of the given 
fraction equal to each other, if poffible; and thence wed -be 
‘deduced the fum of the feries required. = * ? 
4. This feries.will terminate if the fum fought can be expreffed 
‘by a finite determinate funtion of %; if not, it will proceed 
jn infinitum, and may be exprefled either by a feries afcending or 
defcending according to the dimenfions of z. —° as 

s. If any factor, A or B, or C, &c. have no fucceffive one in 
‘the denominator; or if the greateft dimenfions of z.in the de- 
-nominator be greater than its greateft dimenfions in the nume- 
.rator by 1, then the fum of the feries is not a finite — 
function of 2. | oe 
i 2 eiieas ies GE 


unfaste Series. a ( 8 3. 

6. If ia the denominator are deficient fgme intermediate. 
fucceflive factors, multiply both the numerator and denomina- 
tor by thofe deficient fattors, and they are fupplied: for exam-- 
ple, let Ax A” x A’ x &c. be faétors of the-denominator, 
in which are deficient the faétors ‘A’, A”, A’’”’, &c. multiply’ 
both numerator and denominator by the content A’ x A” x 
A” x &c. and they are reftored. 

7- If in the denominator is contained- ‘the content 
A'x A“ x A” ,. A“ =H, in which a is the leatt of the-in- 
dices /, /’, /’, &c.: aflume A*x A” x A”... A™ x @ =H, 
and in the fame manner reduce the factors in @; then affume 
for the denominator A*x A° x A™ ... A“ x &c.: for exams’ 
ple, let the contents be A’ x A” x A’ x’ x &c. =H, then ts 
2 the leaft index, and- confequently the content reduced as be- 
fore taught will be A? . A”. A’. AY? xa= At. A? AM: 
A”™xA.A’. A” x A? . A“’*; but between the factors. A’ 
and A’” is deficient’ the factor A”; and between the factors! 
A” end A’”?.1s. deficieht the-fattor.A’”’; multiply the nunjera-; 
tor and denominator’ of the given ‘Salta by the deficient 
factors A” A’? «flume: for the denominator - A? “A”. Ae 
xA.A’. A” x A”. AM”x &c.= A’. A”. A” x &e. tw, a 

8. If the greatelt index-of the tentent. H is. sontained 3 in-pne 
fattor only, then the fur of the feries cannot be expreffed i in 
finite terfns df the quantityz. °° mae 

g- The fame may be applied to the contents ie £the feveral fuc-, 
ceffive, values of. the quantities | B, on be. in the. denominator : 

1 
72. a 7a —2X2Z 
ply i itinto #— I to compleat the deci term, and i it refults 
M 2 d Lt 


le-3e > Pa ‘ we: cd. Bah - Be Ge sa gee Bae 


for sao tid let general term be - 5. multi. 


a” 
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~~ *—-; affume, by the preceding method for the fum of 
of which the fucceffive. 





"2.2.3.-8 





the feries the quantity — rE —~, 


I ° ° | 
\ 3.2.3..a° and their differenc 3-Ber- BRB! 245230 
I 
fe the given term. 
Ire2-+-Z—-2X2& 


2. Let the term be Ne“and ¢ lefs than 1, which is the aki 
of a | acest feries; then will the fum of the infinite feries 
be * ——— Xe", beginning from the term whofe diftance from the 
fi ie z;. for the difference between the two fucceffive fums = 


= (c* ~ e= tr) = Ne* the given term. | 

- 3. Let the general term be (sted ind nets Kets affuine 
for the fum of the feries the fubfequent quantity (a+ Lamt2e 
GHZ. + BEA) XEX (a+ Latyx .. 2) and by tha 
preceding method the co-efficients «, £8, y, &c. may, be ‘found: 
the fum is known to be = —— X ett? of. axes “a 


oe ant, which can eafily be reduced to the preceding 


Pia 

If the general term be = => == y or relnoF : where’ T and T’, 
P and P’, Q and ae are fucceffive terms ; then will the fums 
of the feriefes be — r orf. a properly cosretted. ve 

10. If the fanétion expreff ing the general term contain in the 
denominator a factor or faGors, which have no fnccefhive one 5 
reduce the faétor or factors into an infinite feries proceeding: 
according to the dimenfions of s, and thence, by the method 


before given, find the {um of the feries, The fame method 
4 may 
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may be purfued, when the denominator of a fluxion, which is. 
a fun&ion of x multiphed into % contains the fimple power 
only of a factor or faétors; reduce the fa&tor or fa€tors into an 
infinite feries, proceeding according to the dimenfions of x, and: 
by the known methods find the fluent of the fluxion. 

€3. The fluent. of the fluxion or fum of the feries may be de-- 
duced alfo from the fubfequent propofitions, from which may- 
be inveftigated many feriefes, whofe fums are known. 

I. Let sP = Og, 90 =Ky, rR=Ss, sS=Ti?, &c.; then {Pp =: 
Pp ~ Qo + Rei —Qs + Fs & S&c. if only the feriev converges. 

2, Let’ pP +p =Q9, (Vt GV+=Rri, RRs. 
Ss’, 5845S’ =Tr, &c. where _P’, ~’, Q’, 9’, &c. denote the- 
increments of rhe quantities P, p, Q, 7, de. refpectively, then: 
will the integral of the increment (P#’) — Qe + Rr - ae 


&c. if only the feries ripe 
as * Em wy wes! 
Ex. a free, a pee Por eee tp rt 


nyt _ i ee ahem 2 
caf Fie tS) == =—— 3 whence - =r re reel erie 





ser. atm a a ve Be ese iuee ae: 
—4&c. In this example paarx, P=x-* 
7a Fai 48 ; ne p : a 


g=x's, Qa", raat, &e. | 
‘Ex: 2. ro af game ge eerb gone 
ee ah 





~ 


m—A—T +X 











: . (Lf ae I nr’ AEr+i &c.): - eee 
(satan rere “mt+2 mt3Z + c.)3 Ww sean 
ee +2 B+ ke. In both thefe exam- 
— Oh AE Mh. | 
ples the letters A, B, C, &c, rhe the preceding terms. : 


BF tls mth rrrte peter man 


wg (2 3 c 
Crs" Tati. Me2zem+Z.mt4 et y Ex. 
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_EX, Ae Prres a’ x xs I aft , o’eett ; r 
—— fp eect emcee ; 
(at be" at be pea m+ (a+5e" +ca@*)? 1 Vt ; (44 bx" exh tr 
nb prt) “he eee as 
(ee meant + &c; - « god eae cee 7 j 7 r 
‘12; nee the” general term of an infinite fenes be 
A a: ik 


Zt e ° Zw -f- ° ztet+2.. SHAeaxztsB. Z+B+-1 bg %+h+2 ea Zr B+- 


FE ES EO EO ES ee eae eee 
MXUuby o aby a ztyt+2 2. Styrtrxzte. Z+e+t ‘ uo s 


U 


zee Kee. where a8, ays e= —%, &c. are not whole 


numbers ; the fu of the feries can always -be expreffed: 


in’ finite: terms; if the. fum: of siehe Learn sae HT Te 
efe ee. 


e.+w.st = 


Fare R—adtn X xa. yaetkt repialaas Ue 
ea ~ oe : goof. twp, 1 sopey fo, oy 
xXxe—a@ . Joatt 0 d—at2.. iat sx, &ce ,, IKI. Te eae te 
: | : 
B—at+m—I ae I sae ara 
pee 
ee sama i oe 1, Xtoa—e . G—a Taet Ie e apa ix &c. = 5 
ie rr i, x t I 
I o2X! 2 ° 3 ee 4-2 aman B—-q-1 o ps « i ee atmaKe 


e 7 ne é af 
¢ 7 s ‘ 





b-a— a i Rie cs Le ; eoale o.0 


- 4 





—2 .y~t—-lT.y-. we y-a+-n—2Xt—a—2 ° | 1 =. toatn—2 x &cc. 


: e+ OS 1 ¢ os 2 
T1.2.3X!1 ee Sl et er TY ee ek LED 








I. cues — eee y~B+1 « - ¥—R4 , ° 2—R+} 


as oe fo i at i ~ a 
ae rae EK Y 62 Bee mai X phos ~a—B..a~b+ 


t = 
ee ee ae Ant 





_- 
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e : - — , ie, oe Toa ; ig ' ‘ 
Semen 

B—1X7~— B17 By Bre EXP B— 18-8. a— BA 1X &e, Ls 

: x I 

pth eer ieee ear ETE Sa ae cp a LE A TT aly 

Es. 2X4.2.3.-m—-2 a—B—2.a—B—1 .a—f..4+B4+n—2x7—R—2 

‘ I 

-y—B+r—2 xX e— —2- 








—B—1..¢—B+5-2x & 
T 1 
VE GR a grag CAD AagRO TESA RECHT a PEGE GS 
: tis t ' 
8-3. 7-8-2 © 7-8-1. BH LH 3 KI~-B—3..0-B + 5— 
oy I ; 
a 3 chee a aceon .0—B—mt+1.,0a—-B+n—m Xy—B—m oy —B— 


’ “ I 


~r¥- me e 





3x &c. 





ae - 0 d-B—m+sx be, 


SREB 7 tm — Mp I — 0; 
: y ‘ see 
ee ed oe 3 eee ee ee 


-&c.=0, &c.=03 or, to explain 





XI—y-e—P+1. “Foy pK. 
it otherwife, affume the quantities a, a1; a+2,04+3,... 
ans By, B+ 1, B+2,..B+m; Yo YET, YZ eo HES 
d, d+.1, 34+2,..3+53 &c. fubtra& one a from all the re- 
maining quantities @+1, a+2, -atm; B, B+1,.. B+m; 
yo yti,-.ytri dd+i1,..d4+5; &c. and aged all the 
differences refulting 1,2, By oo B5 B-aiG—at1,."B— —a+m; 
ya y-ari,«. ‘y~at+2, . oy a+r; b= a, Sat Piites 
3—a-+s, &c. into each other, and call the content fp. | In the 
fame manner fubtra&t «+ 3. from all the remaining quantities a, 
BPZy B35 02 BRS B, B+1, oe B+m; VVP I, 00 yt 
3, 34+1,..d-+-53 &c.; and let the remainders — 1,1,2,3,..8—13 
B-a-1, B—a, B—at!,.-B—atm—is; y-a-l, ya, 
Y mab lym akr—1;0-a-1,0-a0~-at+l,..drad¢s—I, 
&zc. be multiplied together, and their content be called p«+'. 
In the fame manner fubtra&t «+2, a+ 3, .. «+2 refpectively 
from all the remaining quantities, and let the differences re- 
goa ie fulting 








88 Dr. WARING on 

fulting be multiplied together, and their refpective contents be 

called prt*, ps3 ceils : ih ; then, if the fum of the feries 

I 

can be found, will ~ seer ; act pera pore es Foret 
In:the fame arene fubtrac& By C+1, +2, -- B+m ree 

fpectively from all the remaining quantities, and multiply 

‘their refpective remainders tato = other, and call cia? cone 

tents — p*, es pete, pet, then wilt 44. 4: 


£8 ari 


ae 
pe+2- ae 
. Subtra 9, ytly y+ 2,0. 940 lela from all the 
remaining quantities, and multiply their refpective remainders 
into each other, and call their centents oer fy pt, 


o- On 


+r; 2 ; 
pt, .. prt; then will — gob pees Hires ares =0 


: a 3, ott, E+ of . «ds from all the remaining a 
tities, and multiply their refpective remainders into each other; 
and‘ call their contents refpettively p’, f+", prt, prs; then 


will + 33 +o taatann? ; and fo Qn ; and, vice verfé, 


if the fum of the above-mentioned fractious be re{pectively = o3 
then tbe fum of the feries, whofe general term is the — 
one, ¢an be found; otherwife not. 

63 1f the fum of the feries, whofe general term is 


ee ON Ce NOR ee ee ES, ee ee ee Se ETT OD COE 
+a. Etat, . Zan x2+8 oS2+R41..248+m Xa--y- z+ryts ae 


apparent welt epee om be found in. finite 
terms 5 then the {um of a feries, whofe general ‘term 8 

boot 2 ; 
ete: (where’ u denotes an afficmrative Bamber) 


can be alfo expreffed. in Snite terns. Cie ede 


3+ @) 


ve te 
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ag LetAxe+p. S+y - RHExztex c+ Bxetaxety « 
z+}. +e. &c. +Coithe PERNT. Ze. &e. +Dx 


Spa. ZtPh.ztyXSte. KOFEXS+ a. Zth.T4y S48 
x&e.= 1) sac may | be rg value of 2; then will 





_— I 
el na on — —————————). 


D= as. . 


ant. B—2, yd. &e. 
- ag. Lethe general term of a feries be &. xe", where « is lefs 
than 1 s the fam of the feries can be exprefled in finite 





x z 

rms when the abot erhentioned quantities  4.—4 _#. 

te ms, e above q arr eyroerd eer 
ee cree . 8 I I x 
k Pr ee I ri a e a gee 

ontnlystartates wan oe | =e ee eo aoe og | : 

a | an ¥ z I I 
eee ee ees e a 

= tie eee 7 EO. pata ae Te 


x 
. 


aires Be. kb. The never happens unlefs em 1, 
16. if the general term be any rational function of % into the 








a email, yy ee . 
Ste Xete+ xate+s ‘x & XEPE x 


ZHETD XZPBEE R&CXatY XZFITE xetyat” Xmen sila 

wheie , b’, b’, kee. by Hy &, bec. |, m, m', m, &e. n,n’, 0 

Be. r, 7, 17", Sts boc. denote whole numbers, and atte 
Vor. LXXVE oN n-B 








go Dr. WARING on 


a~fP,nore-y, norR-y, &c. are whole numbers : let m be 
the greateft of the indices ‘m,_ nm", &e.; nthe préateft of 
the indices #; 1’, n’’, &c.5 ¥ the greateft of the.indices 7, r/, 1/7, 

&c.;. then, ae the fums of the feriéles given, whofe generat 


a: ‘*- -. - 3% % 
terms are — —————— , —————) . aie 9 ~ 
(zta)" (tel? (zpaye?. (ebe) ere 
se. ” a. ae . o” a ge ~ tae 
eo ee &c, Carr 
(z-+8)" (z8)"— ‘a4e? (m7) ” wey) _#t7 bas: 


be deduced the fum of the above feries, whofe general tefm is. 
given above; multiply. eich of thefe terms into unkmowa co~ 
efficients ¢', f g, 6, &c.; then. reducethem tq a,common deno- 
minator, which is the fame as the denominator of the given, 
general term, and.add them.together, and. make the correfpon- 
dent terms of the fum refulting equal to the correfpondent 
terms: of the numerator. az! + Be 4.cz'—* 4 &c.. of the given 
general term; and from the equatiqns. refulting can be deduced 
the co-efficients ¢’, f, g,. 4, &c: and thence fram the given ‘furs. 
the fum of the feries. required. 

Approximations to. the. fums of.-the ‘fetielés 2 tay be: “deduced 
from the methods given in the Meditationes Analytica. The fum. 
of fome few cafes have heen. given: frota”.the, periphery, of the. 
' eircle: . for example, when: @ and m.are whole numbers, ‘an@ 
e=15 Of, more. particularly, when m= 2 and e=4;" and 
fome other particular cafes, -which_may. be..with mearly. the 
fame facility calculated from‘ approxinaations ; the cafes given. 
indeed .are fo few, _— when_ eS 3s. that hey can Se? pa 
be applied. 

17.1f the dimenfions of. im the ilieaiaind be ae Or, "erester 
‘than its dimenfions in, the denominator ; thatis, / be equal or 
greater than, a +a! +m 4+§o, +a +n +2" +&G4+r4+7 +96 

+ 





Infinite ‘Sersese Or 
+ &c. &c. reduce the fractions toa mixed number, fo that the 
dimenfions of % 1n the numerator of the fraction be lefs than 
its diménfions in the denominator, and the integral part be 
Aé + Bzex + Cae + Dz’e* 4. ... Hae": the fum of the infinite 
feries whofe term is Ar 4 Bucs 4+-Cx'e* + Daie® + Eater +. 





pee MB (tn H) eC tp) +e 
1-253 1+2x! 1.2.3.4 
‘oe cer te aaa rea Yad Go ra - &c.): the fum 
of a feries (whofe general term is 2" ¢*) = om e— 
I—¢ 
1ge—t 1gh—1 x 1S —2 2 gt 





——~1.2-3-. males 


X12. -7i—-2.€ 
(1—¢)” | | (r—e)* 37 





ar 3 X1-2.36- sm—b=1. .. +3» where Lis 
=m 

equal to the Gia of all quantities of the following fort, 

eet yx BSe att x Bere bt 4 Gee Boat x Gace ta ty Bc, 
where «, B, y, 3, &c. are whole affirmative numbers; (in the 
preceding notation by *S? is defigned the fum of the contents 
of every # of the following numbers 1, 2, 3,-4, 5,.. elt 
and atB+y+e+e+&c.=4413 the above-mentioned pro- 
duct *S"—' x ’S"--—" x &c, is to be taken -affirmative or nega- 
tive, according as the number of letters a, B, y, 3, &c. is even 
oruneyen. 

The fum of the lactis a" X may alfo be ssa by Winnie 
for it (az + but" 4 can 2 4 das -..k)e*; then, finding its 
fucceffive term (¢xX%+1 zpre+oe+t e+cz+it e+ Ste.) e, 
and taking the difference between it and the aflumed ‘quan- 
tity, there refults (ax e— 1 2"+ mae +be— 1 x" + &c.) &; 
by equating it to the given term 2"e* are deduced the fub- 


fequentt equations, axe— e-I=%, mac + be - sla &c. whence 
esha Oe N 2, : 42> 


oe a 
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s=—-, a S — 18, &c.. 
t=} é 


If ext, then aflume a2"t + 42° + &. far the fu fought, 
which rule was farft taught by M. J. BernovExt. 

If the term be 2"f"3 for /? fubftitute ¢e, and there refults 
x” e* the fame as before. 

+8. Let P = A + Bot + Cx* + De + &c. then wilt 


, A. Bs" 
the fum of the feries Ay Te Ee Te rR +) 


Cx** I r. 
—— Ee e = eas o —=P, « 
atan .B+2n. yh. xe. t Se S ay &c. x P f-a y—a” 


pea SES =: =i Je abt foth 
2. kon fnp— ke. | 
This may be proved. fom the fubfequent arithmetical propos 
ition — . 5 - yaa" Fos Kate js ae a a 
= x fee. +e >: = ys te.” = 


I - Let the ied term of the ahovo-rentined feries. A +B 
+ Cx'"+ &c. be Hx; then from the fums‘of the feries A, dad) 
the fluents.of the fluxions xp, x°f, 27, x/f, &c. being given, 
' there follaws. ? fum.of a feries, whofe. general’ tern. ies 


az oo _s oa a4 ie. 


aban. P+RR. 7+Re - Pax oe, xHs™, where. / denotes a litte 


number. 
a—I m~2 —Z ma _ ; 
If Heat a Oo SE orem. A. AS xe. « © 
3 +1 2 ‘3 
m— [& 


Fare where / is.a whole number, and. m, a, BI, 7, &c. are 


either. whole numbers or fra&tions whofe- denaminator i 1S 2), and. 
a= a'n, B= B’n, &c. the {um of the above-mentioned {eties can be 
found by finite terms, circular arcs and logarithms,. If 


ren 93. 


AE Bape pry or = 3 erat 





ze and/, a; By, &c. whole’ 


mumbers. and s= 1 ; then can the as of any feries of the above-— 
mentioned formula be found in finite algebraical functions of +,, 


and the circular arcs and logarithms of them. 


PAR T 


zr. THE doérine of proportional parts was probably very. 


Ff 


early known: i in the zra af {cience ;. for when men could not’ 


find the exact value: of a quantity, they: were. induced to find 


near approximations by trials, ‘and from thence, by | proportion 1». 


an approximation -ftill nearer :. which paethod. 1 1S. commonly: 
denominated.the Rule of Falfe.. 

This was often: found to deviate confiderably fram the exact. 
value ;, and the-fame operation was repeated, which popes 
produced a nearer. approximate valye, and foon. © 

This method of approximations,. the -moft general 
known, has. been: uled in refolving problems by feveral of a4 
moft eminent -mathematicians ig different. ages; and. in..this 
particularly. by M. Euxen.. 

2. The followiaig obfervation, I believe, was ‘fit publified: 
an the Medstationes, in the. year 1770, vs%, that the conver- 
gency of the approximate’ values, found by the rule of falfe 
een of infinite feries, generally -ddpemded on this, vi. 


how. 
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how mach néarer approximate =affumed i is to one valite 
of the quantity fought. poffible or impoffible than to. any.other, 
and.not to the ; quantity itfelf: hence, when two or more (#)_ 
values of the quantity fought are nearly equal, it is necefflary 
to recur to more difficult rules, viz. to three or more trials ; 
as, for example, let two roots be nearly equal, and write 
a, at+n, and a+, for the unknown quantity in the given 
equation made =o, and let: the-quantities refulting be A, B, 
and C, then will more near approximations to the two roots 
nearly equal of the given _— be a + the two roots(«) of the 


B am 
oe + “x ( Ax—++Bx + 


= =) *+A=o0: for write 0, x, and p, relpeSively for ¥ in 





? 
quadratic (= aye saree 


the equation, ‘and there will refult the quantities A, B, and C. 

. More generally, fubftitute for x in the given equation the 
cuaistities A, 84m, +p, 4po,a+r, a+v, &c. ‘where Ts Oy Oy Ty 
&c. are very {mall quantities ; and let the quantities refulting 
be A, B, Cc, D, E, F, &c.; then will more near approximations 
to the (%) roots of the given equation be aay. at+B, arty, 
ata, &c. where ; a, By ae J, &e. &e. are ine 1 roots (e) of the 
e—w\(e—e( (e—~c) (e— —r)&c. e(e—e) (e—o 6— 7 )BCe 


Sida dias cae oa _B A 
«Bnet «C4 wna-(4 ea(A 4 


given equation ‘ 





B B C 


w(w—) + Se aon ec Ter « F—e(e—e ~ p= Ge rr 
D B : 
aeaeKe=) x £ 4 ecm F e €= pt (“++ a Corser Tepes at 


ra G + Dod eee ie a EB. a) 
ce= Ves Ke ¥ eae eit TO * 8G 6) Be. 


Scat eres ee Pe B 


Reena e=o-(s=- (w—¢)(e —o) (w= 7) (e—v) ve =")G—2) 


(e—7) 


D E 
= =) eee SIE) Ge iGer ceca 


fF. pe Ee tee 
PaO SM Se) Ee POPE E eet eso. 


Their refolutions were firft given in the Mocktationes Asa- 
bticu, publithed in the year 17-74, and require the extraction 
of a quadratic, cubic, and in general -of an equation of (n) 
dimentions ; which rules. will often give a nearer approximate 
oa the préceding, when the roots-are not nearly equal. ° 

3- Thefe rules may :-be applied to. find. approximations to. the 
ap of algebrajcal equations : for example, let the algebraical 
equation be. x cae -&c. = =0, fubftitute ‘i in it for * 


eo b&b mst 


. a a +a" ec. : “4 
fale Be A: 2 te oa : pce cane ee 
( —A— ipa" +1 — 29a" 3— 8c.) +e, - 


whetic?'a— 8 d near approximate value to the root ‘fought.’ If the. 
quan tities,in-which aré involved ¢,?°,e’, 8c. on account-of e being 
Very. Ampall,. be.  Fejetted, then will the approximate fought b=. 

— pa an ee : which will nearly be the ae 
1g R—Ipa * 4+ n—2ga" 3_ &c. 
3s found, where a near approximate is given, . Son the method 
given by Viera, FLarriot, OQuautrep, Newton, Dre 
Lacwy, HALLEY, &c., 


4. From this expreffion it follows, that # (@) be a root of 
the equation a*—' = 2 - n— :par—*+ &c. = o, of which the roots 
"are Aumits between’ thie roots of the given: equation; the’ ap- 
proximation found will: be infinite. 7 
Se da ante, thefe approximations, whet there are two or 


a 3 


=the se ~ "each. 
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each other, as the arc and the fine, it ts neceflary that beth: 
fhould be correGted in every. approximation to fuch a degree as 
the fubfequent approximations require. 

%. In the Meditationes it is obferved, that in any algebraical 
equation x* = axt—" + bx#—-* — exe 3 4 dt 4 — ext... segat ett es 
byes batt ce heck &e.= 6, if a be much greater thai 
5 


—y, and . has to ; a much greater ratio than a: : ; and in the 


fame mannet + = has to amuch greater ratio than = ~2 <2, -and 
fo on} then will a be t a near approximate to the oe root 


of the algebraical equation 3 : a near approximate to the {ecand} 


- a ‘near appfoximate to the third, and = a feat approximate ts 


a. root, which is much lefs than m an of the giveri equation, 
but much greater than the remaining (2+ m=<1)‘roots.- -- 
Jf: the equation above-mentioned #=tax—'4&c.=0, of 


which isthe fatne, t = = fp sire, = 0 be infinite ; ther wilh 
in like — all its icts be poffible and their: approxiraate 
valnes a, 2 P ; : fc. as‘before, - aa She 


‘This eafily appears by fubltireating for .a, 4, ¢; ie. une 
values in terms of the root of the equation. ./ , ae 
7. Anearer approximate to the above-ticationed reot wil be 


qv 


- 


(a3 fs ) +8 
8. Equations of which the fluxions oF the quantities. con= 

tained in the given equations can be found, may be reduced “td 
infinite algebraical equations, iti which is involved iia irrationad 
fun&tion of the unknown quantities contained iti the given equa~ 
‘tions by the incremental theorem; v/s. let Asso be the given 
§ equationg 
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equation, and (a) an approximate much more near to the root 
required (2) of-the given equation than to atiy other: write a for 
(x) the unknown quantity fought in the fubfequent quantities, A, 


: ? as =» &c.; and let there refule the correfpondent quan- 
tities a, B, y, 3, &c. ; _ will « — a be a root (¢) of the infi- 
nite equation « = Re + = ye See oe + = &c. 


=0, of which a oe of the ual atBe=o0, ax Bet 
— ye =o, &c. will be an approximate. If two roots of the 


given equation are nearly =a, then it is neceffary to recur to 
an equation not inferior to a quadratic. 

9. The fucceffive approximate values found by thefe and like 
rules will ultimately be to each other in a greater thanany geo- 


metrical ratio: for example, let —— be an approximate to a root 
ats 


of the quadratic x’ —(a+5)*+as=0, then will the new ad- 
dition to the approximate to the root s found by the common 
method at the diftance #- 1 from, the firft approximate be 


s — 
eo nearly, where 6= 2°". 


10, Let an equation x* — Patt + Qy* — Rev-3 4. Sut — &c. 
=0, of which the roots are 4, d, c, d, &c.; and an equation 
X= Dx! + gxt—? — r—3 4 sx 4 ~ &c.=0, where p, 9, 7, 5, 
&c. differ from the co-efficients P, Q, R, S, &c. by very {mall 
quantities: affume the (#) equations ++p+o+7+&c.=p—P 
=a, ax +bo+co+dr+ &c.=Pa—g+Q=f, arth eteco+t 
Or+&c. = PB-Qatr-R=y, arth ptect+d'r+ &c. = 
Py-Q6+Ra—s+S=4, &c.; and from them find the un- 
known quantities #, ¢, o, t, &c; then will ¢+, b+, e+0, 
44+, &c. be nearly the 2 roots of the equation «* — px*-! + gx*-* 

Vor. LXXVI. 0. =. 
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eae Ec. =o,and confequently 5p,8CC. siearly- Sooo 
ee R196 


| LET gle, &c.; whence the convergency of the ap- 
nb" —* —n— 1pb"— * + &c. 

proximate values found by this rule — on the principle 
before delivered. , 

10. Let there be given (m) equations, which contain: # 
unknown quantities +, y, %, &c.; and let a, B, y, &c. be 
nearly correfpondent values of the unknown quantities x, y,. 
&c. refpectively : afflume n +1 different values of the quantity. 
hy VIZ. yy ate, ata, atar”, &c. &c.; and in like manner 
affume +1 different correfpondent values of the quantity ,. 
which let be B, B+, B+p's B+p", &c.; and fo of the remain- 
ing; where a, «’, 7’, &C. ps p's p'’, &c. &c. are very {mall quan- 
tities; fubftitute thefe quantities for their refpective values in the 
given equations, and let the refulting quantities be A, B, C,. 
D, &c. in the firft equation; P, Q, R, S, &c. im the fecond,. 
&c. &c.: aflume from the firft equation the 2 fimple equations 
an + bp +&c.—B—A, an’ + bp’ +&c.—=C-A, ax” + bp” + &c. 
=D-—A, &c.; and from the fecond equation the x. fimple 
ones ba +he+&c.=Q—P, ba’ + ho’ + &c.=R —P, bi’ + ho”? 
+ &c.=S—P, &c. From thefe equations can be ‘inveftigated: 
the co-efficients a, 4, &c. b, 4, &c. &c.; ultimately affume the 
m equations A+ae+bi+&c.=0, P+he+thi+&e.=0, &c. 
from which can be deduced the values of the quantities ¢, 7, 
&c.5 and a+e¢, B+s, &c. will be more near values of the 
quantities, x, y, &c. 

11. Sir Isaac Newtown found the fum (A) of the an®* 
power of each of the roots of a given equation, and then ex- 
tracted the 22"* root of A, viz. 4/A for an approximate value 
of the greateft root of the equation, and further added fome 
fimilar rules on the fame principle. ; | In 
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In the MifeeH. Analyt. arid Meditationes-the fame principle is 
applied in different rules for’ finding approximates to the’ 
greateft and other roots of the gimen equation; and alfo limits 
of the ratios of the approximate values of the roots found by 
thefe rules to the roots themfelves are given. 

It is obferved in the Meditationes, that from thefe rules in se 
neral to find the greateft root, it is often neceflary that the greateft 
poffible root be greater than the fum of the quantities con- 
tained in the poffible and impoffible part of any impoffible root 
of the given equation : for example, if a+4%—~t be an im- 
poflible root of the given equation, then it is neceflary that ae 
greateft poffible root be greater than a + 5. 

It may further be obferved, that in equations of high dimen- 
fions (unlefs purpofedly made) it is probable,'the number of 
impoffible will greatly exceed the number of pofhible roots; and 
confequently thefe rules moft commonly fail. 

12, M. Bernoutvi affumed a fraGtion whofe numerator. fs a 
rational function of the unknown quantity, and denominator 
the quantity, which conftitutes the equation ; arid reduced the 
frattion into a feries, whofe terms proceed according to.the 
dimenfions of the unknown quantity; and thence found an 
approximate value of the greateft or leaft root of the given 
equation or its reciprocal, by dividing the co-efficient of any 
term of the feries refulting by the co-efficient of the preceding 
or fubfequent. term: for example, let the. equation be 
Rm PAP b ttm rt 5 tt. t Px’ Qe tRezS = 0; afr 
fume the fraction ” It A inl 

x pa gx * — re? —3 4 Bee, | 

BE 4 (at Bry tot &c.)s7*+ (Vt Oty +o+.6 + &c,) 

34 (et Oey td tec) ate We Me alte + 
O 2 &c.) 
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&&c.)x-5. vot (Pt BY 4 1 4 Bec. piacigtiabtis 
+ &e. = Q) et (att 4 Bett 498! 4 &c. aR) erent 


&c. ; then will aor /Q be the greateft root nearly. . 


R— 2Qx -+- 3Px? — &c. ees nx”! I I I 
Bx. 2. ae on (Et+Gts : 
| er Pre ey eee ( at oh &c.) + 


{- tats atyt&e)e+ (5 a ey ere +5 


TH &e.) xt eee +( : Spear 
“ x": 





(or + ~ + &c. =Q)4+(5p = Pt <r, + &c.) a" + 
&c. 5 chen will qo Ne the leaft root nearly. 
Ex, 3. © ge + @+Btyt d+ &e.)x 


x" — px + gx 
+ (GB $y) + Be + 08 + wey + By + od + &c.)) 8 + (ee 


B+ 9 + 8&0. + a’ B+a'y + By + y'at 7B + &c.) + aRy + aBd+ 


—_j— —_____—., — 
wyd-+ Byd+ &c.)) x73 4 &c.; and Se I +4 


é +> +— + &c.) k+(Stytyth&e(+5+ — +7 +8e.)) 
x” +-&c. in each of which all the numeral co-efficients are 1. 
The approximate values to the greateft and leaft root may be 
found in the fame manner as before. 

From the preceding examples it appears, that the fame ob- 
fervations which have been applied to Sir lsAac NeEwron’s 
method are equally applicable to M. BERNOULLI’s. 

13. In the Meditationes this rule is further extended, ez. 
let the given equation involve irrational and other funGtions of 
the unknown quantity; reduce it fo that no function of the 
unknown quantity (+) may be contained in the denommator, 


and let the refulting equation be A=o. Affume a fraction 
B 
A ? 
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- , whofe numerator B is a finite rational and integral fundtion 
of the unknown quantity ; reduce ~ into a feries proceeding 
according to the dimenfions of the unknown quantity: for 
example, let the feries be Aw’ +Biort'4+Cete+ 20. 
Lt) 4. Marte Nite &ec.s then (exceptss excipiendis) 


if sbe negative, will the preateft- root be A - nearly ; but, ifs 


be affirmative, Ve will be the leaft root nearly. If /be infie 


nite, then (exceptis excipiendis, as before-mentioned) the quan- 


s Ite 8 
tities AE and NE will be the above-mentioned roots accuses. 


rately. | | 

Thefe principles have been applied to find the remaining roots 
of the given equation as well as the greateft and leaft. 

14. The rule of falfe has been found very ufeful in finding 
approxiniates to the two unknown quantities contained in two 
given equations, and has been applied to (#) equations having 
(n) different unknown quantities: for example, it has been ob- 
ferved, that if two or more (m) values of an unknown quan- 
tity (+) are nearly equal to each other and to its given, approxi- 
mate value (x), the unknown quantity v=x-—x’ will afcend 
totwo or more (m) dimenfions in one of the refulting equa- 
tions; or in more than one equations will be contained fuch- 
powers of the quantity (v), that if the more equations were 
reduced to one whofe unknown quantity is v, the refulting. 
equation will contain (#) dimenfions of the quantity v. Hence 
it appears, that in this cafe alfo the convergency of the ap- 
proximate values found will depend on-the given approximate 
being much more near to one root than to any other. 

: 15. When 
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15. When the given equations Azo, B=o, C=o, &c. 
contain irrational or other quantities whofe fluxions can bé 
founds and approximates (a, 4, c,.d, &c.) art given td-ekch of 
the unknown quantities (+, y, 2, v, &c.) contained in the 
given equations ; let o+2° = 2x, by zy, C43 2, du" =U, 


éc. :- fubftitute in the quantities A,( *) : ( *)» : ( *) ; { a ’ 


#5'(8), BB), Bes (), (As be 8 
X,Y, % Vv, &c. refpectively a, 6, ¢, d, &c.; let the refulting cor« 
refpondent values be A’, (= * =)» ( *)» &cc.whence may be de- 
icpeee the equation Al + (4!) x’ + (* )y +: (= js" + (= } 
v! + &c.) +( = (An )x*+3( AT) 9244042) 2+ bec. + (CM 
) (3() (2)9 (>) +(=) 
xy’ + a) x's! + &c.) + &c.=0 in which no rational, &c. 
fun&tion of the approximates +’, 7’, z’, &c. 1s contained; and 
in the fame manner may the remaining equations B=o, C=o, 
éc. be transformed into others, in which no irrational func- 
tidn of the approximates (*’, 9’, 2, &c.) is contained, dnd 
from the refulting equations may be found approximate values 
of the quantities x’, 9’, 2’, &c. 
If tliere be given only two equations A=o and B=o con- 
taining two unknown quanties + and y, and all the quantities of 


the refulting equations, in which are contained more than one 
dimenfion of the quantities x’ and y’ be rejected, there will re- 


fult the two equations A’+(=) a (=) y= Q and B+ 


(= i +(5 —) Y=, from which may be found x’ and y’, the 


fame 


” 
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fame 2s grven by Mr. Simpson and others; When: two-or 


more values of the quantity x are nearly =a, then in a refult~- 
ing equation or equations, quantities of two or more dimweRr 
fons of the approximate x’ are to be included. 





PART Wf 

r. THE firft algebraifts divided quantities, and’ extra€ted! 
their reots no further than the quantities themfelves: they | 
did not perceive the utility of proceeding any further, other- 
wife the operation would. have been the fame continued. -Mr.. 
Gregory St. Vincent, and Mr. Mercator divided; and: 
Sir Isaac Newrow divided and extracted the roots of quan- 
tities (in which only one unknown quantity (*) is- contained): 
by the operations then ufed by arithmeticians,. into: {eries. 
afcending or defcending, according to the dimenfions of x in: 
infinitum. They clearly faw the utility of it in finding the- 
fluents. of fluxions, as Dr.. WALLIs and — fome little: 


time before had found’ the fluent of the fruxion- ax x3 oF, which: 


is the fame, the area of a curve whofe ordinate 1 1S and ab- 
feiffa is x. 

2, M. Lersnirz afked from Mr. Newrron the cafes: in. 
which the above-mentioned feriefes would converge; for it 
would be altogether ufelefs when. it. diverges, and of little ufe 


when it converges. flowly. _ ; 
1 Caf., 
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Caf, 1. To this queftion an anfwer, I believe, was firft 
given in the Meditationes, viz. reduce the funétion to its lowett - 
terens;; and alfo in fuch a manner that the quantities contained 
in the numerator and denominator may have no denominator : 
make the denominator Q=0, and every diftiné irrational quan- 
tity contained in ito; and alfo every difting irrational quan- 
tity H contained in the numerator =o; then, let « be the leaft 
root affirmative or negative (but not =o) of the above-men- 
tioned refulting equations, the afcending feries will always 
converge, if the value of x is contained between a and —a; 
but if + be greater than @ or —a@, the above-mentioned feries 
will not converge. 

If the above-mentioned feries (S) be multiplied into x, and 
its fluent found ; then will the feries denoting the fluent con- 
tained between two values 2 and 4 of the quantity (+) con- 
verge, when 4 and 4 are both contained between « and —e: 
the fluent always converges fafter than the feries 5, the un- 
‘known quantity x having the fame values in both. 

Ex. Let f/——___. = Axv+4 Bx’ +3 Cx’+ &c. and 

atbetcx + 28 
the roots of the equation a+ dxr+4cx'4+..x=0 be a, B, y, 4 


&c.; then z = thy 4 4 be nAee Beit 
atbetcx'..x ant B— x 





Cx*x + &e.; but aE 4 hee. in infinitum, <= 


e# 


e +e 
seal between a and —a, the latter when x is between 
Band £8, ahd fo on. Py the. = manner the fluents 


f= x jus ~x+- =F 4-&c.5 | rae ~ ow fF 2 + &ec. &c. a fortiori cone 


+i + &c. &c.; the former feries converges when + is 


verge when x is Patios Pm ak — H, Ti — 8, &c. refpec- 
tively, and fo on: hence the feries Ax-+ iBx'+ iCx’+ &c. 


: “Sf 
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= _* = % s-&e, (EZ 4 t 

I porns par =» oe ot oat gS gaat e : J o. 

- + &c.) x+(5 +3 i+ &c.) x* + &c. ‘always converges. 
° . Y 

when + is between a and ~a, where a is the leaft root of | 


the above-mentioned equation ; but where x As greater ‘than « 
or —a, the feries will diverge. 


The infinite feries a" 4+ ma"—"'"x +... a ax? +. 8. aK 





will always converge when a 1s greater than x, and diverze when 
lefs, and confequently its convergency does not depend on the 
index m, unlefs when x = =a: and in the Meditationes Analy- 
tice are given the dafes ‘in which 3 it converges or ——— when | 


ara = x; and alfo if the feriesx® max? + &c.=x+a defcends 
according to the dimenfions of x, when it converges or diverges. 

Caf. 2. Let the above-mentioned quantity be reduced into a 
feries Ax” + Br-—' + &cc. defcending accarding to the dimen- 
fions of the unknown quantity x; then will the feries Ax-"+ 


By. &c, =P, or the feries aol - al +&c.= _/ Px con- 


verge, when x is greater than the greateft root (a) of the 
above-mentioned equations, and diverge when it is lefs; and 
confequently in this cafe, when the fluent is required between 
the two values a and 3} of x; the feries found will converge 
when a and 4 are both greater than a. 

Caf. 3. When » is equal to the leaft root in the former cafe, 
and to the greateft in the latter, then fometimes the feries will 
converge, and fometimes not. Thefe different cafes are given 
in the Meditationes ; but it would be too long to infert them in 
this Paper. __ 

4. If any rdots are impoffible as a —b/ —-1 and at+b/=1, 
then the feries will converge when x is in the firft cafe 

Vor. LXXVI. P lefs 
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lefs than + (4-6), and in the fecond cafe greater than 
= (a+); or, more general, it will converge in. the frit 
cafe when * ig always infinitely lefg than th¢ reciprocal 
of the quantity epee, ad where 7 is infinite 5 
and in the latter cafe it will converge when ** is infinitely 
greater than P. | 

It may not be improper to obferve, that the fame values of 
the root are to be applied in the equations, which are applied 
in the ferias. 

3. Sir’ Isaac. Sepa j in, the binomjal thearem, reduced 
the power or roet of a binomial into-a feries proreeding ace 
cording to the dimenfions of the terms contamed in the bino- 
mijal. M. DE Moivre reduced the power or root of a multi- 
nomial into a like feries; but in all cafes, except the moft 
fimple, we muft ftill recur to the common divifion, extraGtion, 
of. roots, &c. 

‘Ae Meff. EuLER, MAcLAURIN, and other mathematicians, 
finding g that the feriefes before-mentioned-often converged flowly, 
" of, if. the tryth may be. confeffed, commonly not at all, to 
deduce the areg of a curve contained between two values @ and. 

bof the abfcifg, or. fluent of a fluxion between two values a. 
and $.0f the variable quantity.x, igterpolated the feries or area. 
between a and 4; that is, fgund the area or fluent contained be- 
tween the abfciffa a.and a+e, then between the abierflae. oy 0 
ante + 2, and then between the abfeiffie ¢ +. 4a and a+ 3% and, 
fp on, till they came to the area between 6~g and 6, M.. 
Ruer obferyed, that. when the ordinate became o er infinifes, 
the feries exprefling the area converges flowly ; ; and therefore 

2 in 
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mi order to inveftigate the area rtedr the points df the aQftits; 
whére the ordinates becomé © of infinite, hée trarisfornis the 
etjuation, and finds feriefes exprefling thie area near thofe points; 
im which feriefes’ the abfciffte or unRnown quantitted begin Fonsi 
thofe points. 


5. In the Meditationes it is affetted, that in a i feries proceeding 
ce to the dimenfions of x, if any root of the abdve- 
mentioned equations be fituated between the beginning of the 
abfcifs o and its end x, the feries will not converge: it is there- 
fore  neceffary | to transform the abfcifs fo that it may begin or 
end at each of the roots of the above-mentioned equations, and 
confequerttly where the ordinates become 0 or infinite, &c.; 
thofe cafes excepted where the ordinate becomes o, and its cor= 
refpondent abfcifla is a root of a rational function W of x 
Without a denominator, and va WPx is equal to the given 
feriess and in general the abfciff ought to begin from the 
above-mentioned points; for if they end there the feries we, 
eonvérge very flow, if at all. : 


6. It is farther afferted, that if a and 4, the values’ of the 
abfciff€ between which the area is required,’ be both mote near 
to dire toot of the above-mentioned equations than to any other, 
and # ferieles ate tb bé found, whofe fum exprefs the area con-~ 
tained betweth a ahd 5; thert that the fum of the (7) feriefes 
may converge thé {wifteft, the diftances of the beginnings of 
each of the a abfciffe frém the adjacent root will form a 
geometrical progrefiion. 


7. Mr. Craic found the fluent’ of any fluxion of the for- 
ink io bat ex + Se.“ by’ a feries of the following 
P 2 kind 





ro8 Dr. WAa ine on 

kind {4 + Ax* + cx* 4 &c. et? x x! x (e-+- Ga" Lyx + &e. in infix 
mtum), Sir Isasc Newron, by feriefes of the fame kind, 
found the fluents of -fluxions of this formula (¢+ dx*+ ¢x**- 

8c.) x (e+ fet +gx + &c.)" x &c.x4-x; the fame principle 
is extended fomewhat more general in the Meditationes. 

8. Mr. Joun, BERNOULLI found the fluent of any fluxion 


It nim 2h 2H be — the principles which Mr. 
Crate publifhed for finding the fluents of ftuxions involving 


fluents. 

In the Med:tationes fomething is added of the convergency 
of thefe feries ; and alfo, 

g. In them a new method is given of finding approxt- 
mations. Let fome terms in the given quantity be much 
Jefs or greater than the reft; then reduce the quantity into 
terms proceeding according to the dimenfions of the fmalt 
quantities, or according to the reciprocals of the great quan- 
tities, and it is done. If the fluent of the quantity refult- 
ing is required, find it from the common methods, if poffible; 
but if not, reduce the terms not to be found into an infinite f{e- 
ries, and then find approximate values to each of the terms, &c. 
- Ex. 1. Let R the radius, and A the arc of a.circle whofe 
fine is-S and cofine C, and A-ee an arc of a circle which 
does not much differ from the arc A,. that is, let e-be a 
very {mall quantity; then will = fine : the arc A-te be 


S(1-- eee ——-- f 4&0.) yHC(S 


2 R*' 2.3.4 a rer ee i 
r 8 I é 
r3*wtiyas zu — and the cofine of the fame arc 


will be C(1 wx G4 © ~ &c, in infinitum)2-S(£ — 


t 


2.3 


gone RSs 
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Jt 
2.3 <tr _ ~ &c.). 


Ex. 2. Log. (eze)= fi = log. 2 fee ke: 
S iae S Fat pt 

Ex. 3S ace el se Feet Be 

Be rte IS Tp 

Ex, 6S rss S ats SE =, Sia 


ia Sa t bc. 


Ex. 6. Let the ffuxion be —= ud Tos as where ¢ is: a very {mall 











quantity ; then, if P be put a Wer 1—x*’, the fluxion. becomes 








e okee ie 

: ~23 ae ~ &c. of which the fluents will be found 
c 1.A—«P ¥ 3B aP oe? » So =* P 

shige es 2. 6 Sea ee - &c, 

A i 3 rae a8 " &c. where A=: 


1. A—xP =e, 
fz B= +—*"',C= &c.. 
This is the “fwifeeft eal feries for biidiig the length. 


of the arc of an ellipfe nearly circular,. which is yet known 3. 
for example, let the abfcifs to the axis. beginning from the 
center = x, the femi-tranfverfe axis of the ellipfe be 1, 
its femi-conjugate 1.—d; then. will c=2d—d*, and let. the 
length of the quadrant of the. ellipfe be required, in this cafe 


e=1, and P=Y/1-+"=0; and’ A ax 3114150 Oe: — 1,57079,. 
éc. whence — ee is 1,57079,.&e. x (I-—— — 
1.3¢ Le cA 


5 Ex. 
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Ex.7. Let the fluxion be x (a’ + a’ + (300+ O/)x + (300° + Yi 
+ (6+ 4’) x w)yr=Px, where a’, y c’, &c. are every {mall quan- 


tities; then will Px = (a4 bs) 4 mat be x (a +B x p06? 
+d'x) +m. a+ a+ bn x (a thst Ce 4a'xy 4 Ses) ct, 





of which the fluent 1s 7 : apo + m (a +- dx) Y=* x 


e+ C-3ak O28 a = a 
( eT a ae arena = } + &c. wheré the 
letters A, B, C, &c. denote the preceding co-efficients. - 


19. M. Ever and others, reduced the feries Ax’ +,Bx7# + 


Cyrt++4 8c. into a feries A’ fins ra+B fin. r+ sa+ &c. &ea 
where « denotes the arc of @ circle, whofe fine is ax, &c. 
It may be eafily reduced into infinite other feriefes proceeding 
according to the dimenfions of quantities, which are funCiens 
ef x; but it 1s moft commonly. preferable to reduce it into 
feriefes proceeding according to the fines, cofines, tangents, or 
fecants of the ares of circle,. which fines, &c. can iminediately 

be procured from the common tables. | 
It has been obferved in the firft part, that to find the root of 
an equation, an approximate valie much more near to one root 
ef the-equation than ta any other muft be given. In this part 
it is further oblerved, that ferirfes deduced from expanding 
given quantities, fo'as to proceed according to the dimenfions 
of the unknown er variablé quantities, will net converge if the 
unknown quantities be greater thar the leaft roots of the aboves 
mentioned equations; and that they will not converge much, 
unlefs the unknown quantities have a {mall proportion to the 
feaft roots; and if the. given quantities: be expanded intd 
feriefes de{cending according to the dimenfions of the unknown 
quantities, then the feriefes refultung. will not convergé if the 
greateft 
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greateft roets of the equations befiré-mestioned be greater than 
the uakpown quantities; and unlefs the unknown quantities 
have a great ratio to the greateft roots the feriefes will converge 


flowly : for example, the feriefes ae e+ gec., f° a 
_ 3 tes . ff J as ta). ~ : a 
BH—= ER -+5% fe. f Fas 4t+2y'+ércc. will never con 


verge if x, %, or y, be greater than 1; but will always con- 
verge when Iefs than =©1 or 1 V — 1. the leaft-or only roots of 
the equations 1+x=0, 1—y’=0, andi+2*s0. The feries, 
tee + &c, will always converge when y is fituated between, 
+3 and — 1, in which cafe alone it ig poffible. The fame is’ 
true alfo.of a feries arifing from expanding the f (ax™ + bx-—" 5 


c+ -+ &c.) x into.a feries proceeding according to the dimen- 
fions of x, if the equation ax°+ dxf—' + ca*-* 4 Sc. =0 has 
only taxo poffible roots. a and —a, which are lefs in. the manner 
hefore-mentioned than any. impoffible root contained: in it. 

If in either. of the above-méntioned feriefes the. unknown. 
quantity ¥, 2, or y, has a great proportion to 1, the. 
fericg will converge very. flow; for example, if x=), tea. 
thoufand numbers at leaft are ‘to be calculated, to procure. 
the fum of the feries true to four figures ; therefore, in thefe 
and moft other feriefes it is necoflary. firft:to find a near value, 
ws, when » either = 2, when.e1s very: {mall; orizee, when z 1s. 
very fmall; and then writez+¢. for win the quantity, and 
reduce it in the former cafe into.a feries proceeding: according: 
to the dimenfions of ¢, in the latter cafe according to 
the dimenfions of z, and there will‘ arife two feriefes, of 
which the ffgents- properly corrected, fz. by- adding the 
Avent contayned between, the values ¢ apd ¢. to. the latter,. 
aud that between @ and.zjo the former, will give the fame. 

: fluent.. 
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fluent. The firft term of the feries, in which ¢ is fuppofed. 

very fmall, will be the fluent of at die fluxion,. when 

4 = : 

11. Ifa fluxion Px, where P; is a fundtion of +, be fe ee 
into another Qz, where Q_isa function of z, and they be 
reduced into feriefes A and B, - proceeding according to the di= 
menfions of « and x refpectively; find @ and a, correfpondent 
values of the quantities x and =; then in afcending {eriefes, if 
e« has a lefs ratio to the leaft root of the equation Pxo, than x 
has to the leaft root of the equation Q=o0, the feries A 
(exceptis exctprendis) will conyerge {wifter than the feries B. 

12. Dr. Barrow, in fome equations, expreffing the relation 
between the abfcifs x and ordinate y, found y in the two firft 
terms of x, viz. y=a+-5x, which is an equation to the afymp- 
totes of the curves. Sir Isaac Newron, from an algebraical 
equation given, exprefling the relation between y and +, found 
a feries proceeding according to the dimenfions of «, exprefling 
yin terms of x. M. Lersnitz performed the fame problem 
by affuming a feries Ax*-+-Bett+-Cx't” +&c. with general 
co-efficients, and fubftituting this feries for y in the given equa- 
tion, &c. from equating the correfpondent terms he deduced 
the indexes and co-efficients). M. pe Morvre, Mr. Mac 
Laurin, &c. obferved, that when the higheft terms of the 
given equations have two or more (m) divifors equal; for 
example, (y—4x")"; to which we muft add, and when a 
value of y in this cafe is required nearly equal to Ax’, a feries 


Av+Br = + &c. is to be affumed, whofe indexes differ 
only by -, &c. if otherwife they would differ by r. . 
This redu€tion feldom anfwers any other purpofe than find- 


ing the fluents of fluxions as f yx, &c.; ot the afymptotes, &c. 
of 
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of ‘curves, which depend on fome of the firft terms of the 
Series ; but will very feldom be ufed for finding the roots of an 
equation; the rule of falfe, or method given by Viera, will 
ever be fubftituted in its ftead. , 

13. The values of x may be required between which the above- 
mentioned feries Ax*-+Ba*t’+Cz*t4 &c, will converge, as 
the infinite feries anfwers no purpofe when it diverges. Firft, 
if an afcending be required, write for y in the given algebraical 
equation an infinite quantity, and find the roots of x in the 
equation thence refulting P=o 3 which for y write in the fame 
equation, and find the roots of x in the refulting equation 
which contain irrational quantities, vsx. if one root be x=a; 
then Jet it contain (+-—.)", where m is not a whole number; 
find the roots of the equations refulting from. making every 
irrational function of (x) contained in the given equation =o, 
there being no irrational function of y contained in it; then, 
if x be greater than the leaft root not =o of the above-men- 
tioned equations, the feries will not converge; but if it be a 
feries defcending according to the dimenfions of x, and x be 
Jefgs than the greateft root of the above-mentioned equations, 
the feries will not converge. 

In interpolating feriefes to inveftigate the fluent contained - 
between two yalues ¢ and dof the fluxion (Ax*+- Bert’ +: &c. ex, 
it is preferable to make the abfciff begin from every one of 
the above-mentioned roots contained between a and 4. 

Moft commonly thefe feriefes- will not converge unlefs x 
be lefs, &c. than other quantities not inveftigated by this rule. 

14. Sir Isaac Newton gave an elegant example of this rule 
in the reverfion of the feries, y = ax--dx* +-cx’ +- &¢. from which 
the inveftigation of the law of the ferles has never been 
attempted. In the year 1759 I fent the firft edition of my 

Vor. LXXVI. Q Meditationes 
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Med:tationes Algebraic to the Royal Society, and publithed itin 
1760, and afterwards in 1762, with another part added, on the 
Properties of curves, under the tithe of Mi/ce/lanea Analytica, in 
all which was given the law of a feries for finding the fum of 
the powers of the roots of an equation from its co-efficients. That 
great mathematician M. Le GranceE and myfelf printed about 
the fame time an obfervation known to me at the time that I 
printed the above-mentioned book, that the haw of its powers 
and roots, if it proceeds in infinitum, 5 the fame; from. 
which feries of mine, with great fagacity, M. Lz Granoe 
found the law which Sir Isaac Newron’s reverfion of -feries 
obferves. In the Meditationes the law is given, and the feries 
is made to proceed according to the dimenfions of », &c. 

15. It is afferted in the Meditationes, that in moft equations 
of high dimenfions, unlefs purpofedly conftituted, the fum of 
the terms which, from the given hypothefis, become the 
greateft, being fuppofed=o, only an approximate to the value 
Ax" of yin the refulting equation can by the common algebra 
be deduced. In this cafe the approximate to the quantity A is 
to be found fo near as the approximate value of the quantity 
fought requires ; or perhaps it is preferable to correct in every 
operation the approximate values of the quantities A, B, C, &c. 
in the feries required A’ x" + Bitte 4 Cla t2" 4. & eo, . 

In the equation the quantity z:¢ may be fubftituted for x, 
and from the equation refulting a feties expreffing the value of y. 
may be found, proceeding either according to the dimenfions of 
the quantity 2, or its reciprocals, according to the conditions-of 
the problem. 

16. If there are more than one (n). equations having: fica 1) 
unknown quantities (x, ys %, is in each of the equations for y, 


a 
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z, &c. write refpectively Ax*, A’x", &c.; and fuppofe the 
terms of each of the equations, which refult the greateft from. 
the given or aflumed hypothefis=o, and from the refulting 
equations may be fouad the firft approximates Ax", A’x", &c. 
ether accurately or nearly; then, in the given equations for 
J, % &c. write y’+(A+a) x*+ Bert! + &c.2’ +(A’ +a’) x 
+ B/x"+*"",where a, a’, &c. are very {mall quantities ; and fuppofe 
the terms of each of the equations which become greateft from 
the above-mentioned hypothefis refpeGtively =o, and from the 
equations refulting deduce the quantities a@, a’, &c.; n’, m’, 
&c.; B, B’, &c.; and foon: or aflume y=(A+14+a1 + 
&e.) 2° + (B+ 16-51 + &c.) ot + &e. 3 = (A’ + 10’ +4'1 + 
&c. x + (Bi + 10 +. 8/1 + &c.) et + &c. &c.; fubftitute thefe ° 
quantities for their values in the given equations, and from. 
equating the correfpondent terms of the refulting equations 
may be deduced the quantities required. 

The differences of the indexes 2’, &c. m’, &c. may be de- 
duced by writing x*, x", &c. for y, %, &c. in the given equations, 
from the differences of the indexes of the quantities refulting. 
The fame principles may be applied in finding the above- 
mentioned differences, when two or more values are Ax*, &c. 
which were applied in a like cafe to one equation having two 
unknown quantities. 

The fame principles which difcover the cafes in which a 
feries deduced from an equation having two unknown quanti-. 
ties will converge, may be applied for the famie purpofe to 
thefe feries. | 

17. In the equations for x, y, %, &c. wtite refpectively x’ +, 
¥ +f, +g, &c.; and from the equations refulting find 9’, 
2’, &c; in feriefes either proceeding according to the dimenfions 


Q2 of 
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of the quantities ¢, f| g, &e.5 or according fo the dimenfions ~ 
of the quantity x’, as the conditions of the problem require. 
18. Given one or more (n) algebraical equations involving © 
(n +m) uknown quantities, one unknown quantity (y)} may 
be exprefled by a feries proceeding aecording to the dimenfions 
of the m— 1 remaining ones (x, 2, v, &c.), m which any dimen- 
fions of z, v, &c affumed may be fuppofed tocdrrefpond to (/)} 
dimenfiens of the quantity (+). 
rg. In a fluxional equation of the m" order, expreffing the 
relation between x, y, and their fluxtons, where x is conftant, 


Mr. Euver fubftitutes in the given equation for 7, 7", y*—*, 
rr, dc. refpeCtively Av x", 


A 
(n—m+1)(27—m+2) 


A t= fo-1- x I “Sherelt 
u— m+ 1 . + axe" > 


TBE 2 + axgmnns 4. bgt 





A 
(nm IV (e—m2) 
Gwe) He—OT3 3 + Fax'x*—3 + bx x"—3 + cx"—3, &e. where. 
a, b,c, &c. are avy quantities to be affumed ia fuch 2 mamier as 
the conditions of the problem require; from fuppofing the: 
aggregate of the terms of the refulting equation, which are the 
greateft, 0, may be deduced the firft approximate Ax", or elfe (as 
is beforementioned) A’x* a near approximate to Aa*, and by pro- 
ceeding as in algebraical equations another approximate may be 
found, and foon. The fame may be found by affoming y=. 
Axt + Bart 4 Catt 4 8c. ar" + ba0-' + cx + &e. or y= 
(A+1a+ar+ &c.)2°+(B 416461 4 &c.) 2+ (C+ te per 
+ S&c. art? + &c. + ax" + ber" + cx" + &e. and fubfticuting’ 
it and its fluxions for their -values y, 7, %, &c. in the giver 
equation, and fuppofing the aggregate of each correfpondent 
terms, which do not very much differ from each other, =0; 
from the refulting equations can be deduced the co-efficients 
A, B,C, &c.; or A, 1@, ar, &e.; B, 15, d1, &c.3 C, 1c, cr, 
&c. &c. In 
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In the given equation for y, x, and their fluxions fubftitute 
y +f, *’ 4+, and their fluxions, where the quantities f and g, 
&c. are aflumed, fo as to render the quantities y’ ‘and x’, &c. 
very {mall. 

In finding the feries which exprefles the value of y in terms 
of x, there will always occur as many invariable quantities to. 
be afflumed at will as is the order of the fluxional equation, . 
provided the feries begins from its firftterms ; and to find them: 
there will refult equations eafily reducible to homogeneous. 
fluxional equations, of which the orders do ndt exceed mz. 
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V. Experiments on Hepatic Air. | ’ 
By Richard Kirwan, Ejg. F. R. S. 


"Read December 22, 1785. 


EPATIC Air is that {pecies of permanently elaftic fluid 
which is obtained from combinations of fulphur with 
various fubftances, as alkalies, earths, metals, &c. It pof- 
feffes many peculiar and diftin& properties; among which the 
moft obvious are, a difagreeable characteriftic {mell emitted by 
no other known fubftance; inflammability, when mixed with 
a certain proportion of refpirable or nitrous air ; - mifcibility with 
water, to a certain degree; and a power of difcolouring me- 
tals, particularly filver and mercury. Thefe properties were 

firft difcovered by that incomparable analyft M. Scuezxe. 
This air ats an important part in the ceconomy of nature. - 
It is frequently found in coal-pits; and the truly excellent and 
ever to be regretted M. Bercmaw has fhewn it to be the 
principle on which the fulphureous properties of many mineral 
waters depend, and thus happily terminated the numerous 
difputes which the obfcurity of that {ubje& had occafioned. 
There is alfo great reafon to think, that it is the peculiar pro- 
dué&t of the putrefaction of many, if not all, animal fubftances. 
Rotten eggs and corrupt water are known to emit the fmell 
peculiarto this fpecies of air, and alfo to difcolour metallic fub- 
{tances 


Mr. Kinwan’s Experinients, &c. ily 
ftances in the fame manner. M. Vizevvarp has lately difco- 
vered feveral other indications of this air in putrefied blood. 

Yet, deferving as this fubftance appears to be of a thorough 
inveftigation, it has as yet been very little attended to. ‘The 
experiments of M. Bercman have not been fufficiently nu- 
merous, and thereby led him into fome miftakes. Dr. PrrgestTLey 
hasintirely overlooked it. The refearches of the ingenious M. 
SENNEBIER, of Geneva, have indeed been very extenfive; 
but as, for particular reafons, he operated on this air over 
water (by which itis in great meafure abforbed) inftead of 
quickfilver, his conclufions appear in many refpects objec- 
tionable, as will be feen in the fequel. The experiments I have 
now the honour of laying before the Society were all made 
over quickfilver, and feveral. times. repeated. 


SECTION L 


— the Subjlances that yield Hepane Air, and the means of 
obtaining it. | 


Ic is well known, that faline liver of fulphur is formed, ia 
the dry way, of a mixture of equal parts of vegetable or mi- 
neral alkali and flowers of {ulphur, melted together by a mo- 
derate heat, in a. covered crucible. I examined the circum- 
ftances of its formation, and obferved, that when this mixture 
was flightly heated, it emitted a bluith {moke, which gra- 
dually grew whiter as the heat was increafed, and at laft, when 
the mixture was perfectly melted, and the bottom of the cru- 
cible flightly red, became perfeétiy white and inflammable. 
‘To examine the nature of this fmoke, I made a pretty pure 


fixed alkali, by deflagrating equal parts of cream of tartar and 
nitre 
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mitre in a fed-hot crucible in the ufual way; and miking this 
falt perfe&ly dry with flowers of fulphur in much {mallee 
quantity, as I believe (for I did not weigh the falt, leaft it 
fhould, during the weighing, attra@ moifture) I gradually 
heated the mixture in a {mall coated glafs retort, and received 
the aie proceeding from it over quickfilver. 

The firft portion of air that paffed with a very gentle heat 
was that of the retert itfelf, flightly phlogifticated. It 
amounted to 1,5 -cubic inches, and with Dr. Priestiey’s ni- 
trous teft (that is, an equal meafere of nitrous air) its a 
4vas 1,29. It contaimed.no fixed air. 

. The fecond: portion of air obtained by increafing the heat 
.amounted to about 18 cubic inches, It was of a reddifh colour, 
and feemed a mixture of mitrowsiatid conimon ais, It flightly 
-acted-on the mercury. 

‘The third portion confifted of -p6 epbic iaches, and appeared 
to be of the fame kind as the ae but mixed with a little fixed 
gir. 

This was fucceeded by 64 ttthic inches of almoft perfedtly 
pure fixed air; and the bottom of the retort being now red, 
fome fulphur fubtimed in its neck. When all was cold, liver of 
{ulphur was found in the bulb of the retort. 

Hence we fee, that the blue fmoke confifts chiefly of fixed 
air, and the white or yellow fmoke of fulphur fublimed; and 
that no hepatic air is thus formed ; nor vitriolic air, unlefs the 
retort be fo large as to contain a fufficiency of common air to 
admit the combuttion of part of the fulphur. 

adly, ‘That the atrial ot any other acid, combined with the 
alkali, muft be expelled before the alkali will combine with 
the fulphur. Liver of fulphur exercifes a ftrong folving power 
‘on theearth of crucibles, and readily pierces through them. 

The 


on Hepatic Air. rai 

The above experiment feems to thew that liver of fulphur 
will not yield hepatic air without the addition of an acid; apd: 
I believe this to be true when the experiment is made in the. 
dry way, and nearly fo in the moift way; for having .added 
200 grains of fulphur to a concentrated folution of ftrong, 
cauftic vegetable alkali, by a ftrong and long-continued heat | 
obtained only 1 cubic inch of hepatic air; yet it is, well known, 
that a {trong folution of liver of fulphur conftantly emits an. 
hepatic {mell, even in the temperature of the atmofphere ; 
and the fubftance {o emitted contains fo much hepatic air as to 
difcolour filver and lead, and even their folutions; which 
fhews, that an incomparably {mall quantity of this air is 
capable of producing this effect. To difcaver whether this 
extrication of hepatic air might be caufed by the depofition of. 
fixed air from the atmofphere, I threw fome pulverifed calca- 
reous hepar into a€rated water, and by the application of heat 
endeavoured to obtain hepatic air, but in vain: and, indeed, 
the very circumftance that the hepatic {mell, and its effeds, 
are always ftrongeft the firft inftant that a bottle of the 
hepatic folution is opened, feems to indicate that fixed air is no 
way concerned in its production. 

The beft liver of fulphur.is made of equal parts of falt of ° 
tartar and fulphur; but as about one-fifth of the falt of tartar 
confifts of air which efcapes during the operation, it feems, 
that the proportion of fulphur predominates in the refulting 
compound; yet as fome of the fulphur alfo fublimes and burns, 
it is not eafy to fix the exact proportion. 100 grains of the 
beft, that is, the reddeft liver of fulphur, afford, with dilute 
marine acid, about 40 cubic inches of hepatic air, in the tem- 
perature of 60°:.a quantity equivalent to gbout 13 grains of 
fulphur, as will be feen in the fequel. : 
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The marine acid is the bett adapted to the oridudion of 
hepatic air. If the concentrated nitrous acid be ufed, it will 
afford nitrous air; but having diluted fome nitrous acid, whofe 
{pecific gravity was 1,347, with 20 times its bulk of water, I 
obtained, with the affiftance of heat, as pure hepatic air as 
with any other acid. 

The coicentrated vitriolic acid, poured on liver of fulphur, 
affords but [little hepatic air without the affiftance of heat, 
though it inftantly decompofes the liver of fulphur; and it-is 
partly for this reafon that the proportion of air is fo fmall; for 
it is during the $redual decompofition of fulphureous com- 
pounds that hepatic air is produced. 

Diftilled vinegar extrigates this air in the temperature of the 
atmofphere; but it is not pure, its peculiar fmell being mixed 
with that of vinegar. 

Fhe acid of Tera alfo sala fome quantity of this air in 
the temperature of 59°. 

- 20 grains of fedative falt, or acid (as it fhould more properly 
be called) diffolved in an ounce of water, being poured on liver 
of fulphur, afforded hepatic air only ‘when in a boiling heat, 
or nearly fo. 

‘ ‘Neither the aéria/ nor.arfenical acids produce any. 

Liver of fulphur i is foluble not only in water but in fpirit of 
wine, ‘and in cauftic volatile alkalies ; and the colour of both 
folutions i isred. Sulphur is precipitable from the former by 
the addition of water or of an acid, but from the latter only” 
by an acid. 

‘Having mrade fome liver of fulphur, in which the pro- 
portion of fulphur much exceeded that of the alkali, I 
poured on part of # fome oil of vitriol, whofe {pecific gravity 
was 1,863: by this means I obtained hepatic air, fo loaded 

* with 
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with fulphur, that it depofited fome in the tube - through 
which it was tranfmitted, and on the upper part of, the glafs 
receiver. This air I transferred to another receiver; but 
though it was then perfectly clear and tranf{, parent, and amou :nted 
to 6 cubic inches, yet the next morning the infide of the glafs 
was thickly lined with fulphur, and the air reduced to 1 cubic 
inch, which was pure vitriolic air. Hence it appears, firft, that a 
fpecies of elaftic fluid may exift in a ftate. intermediate between 
the aérial and the vaporous,, which is ‘not perroanently. elaftic 
like air, nor immediately conden fed by cold like vapour,’ but 
which, by the gradual lofs of its fpecific heat, may bea reduced 
to a concrete form. a2dly, That fo large a quantity of ful- 
phur may be combined with vitriolic air, as to enable it to:ex- 
hibit the properties of hepatic air, for fame time at. leat: ‘A 
mixture of three parts pulverifed quick-lime and one part. fyl- 
phur, heated to whitenefs in a covered crucyble. for. ane hour, 
became of a ftony hardnefs, aid being, treated with marine 
acid, afforded hepatic- aitr.. If.a piece. -of -this {tone be heated 
in pure water it becomes bluith, and hence the origin of, the 
blue marles generally found near hot ful phurated waters. 

A calcareous hepar may alfo be formed in the moift way, as 
is well known. 

Magnefia free from fixed air, heated 3 in the fame manner 
with fulphur, afforded no hepatic air when an acid was poured 
on it. 

Ialfo procured this air from a mixture.of three parts filings of 
tron and one of fulphur, melted together, and treated with 
marine acid. It is remarkable, that this fulphurated iron, dif- 
folved in marine acid, affords fcarce any ica aed but 
mofily — alr. 
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A mixture of equal parts filings of iron and fulphur, 
made into a pafte with water, after heating and becoming 
black, afforded hepatic air when an acid was poured on‘it; but 
this hepatic air was mixed with inflammable air, which pro- 
bably proceeded from the uncombined iron. After a few days, 
this pafte loft its power of producing hepatic air. 

__ M. Beroman has remarked, that combinations of fulphur 
with fome other metals yield hepatic air. 

1 attempted extracting air from a mixture of oil of olives with 
cauftic vegetable alkali. It immediately whitened, and on ap- 
plying heat effervefced fo violently as to pafs over into the 
receiver: nor had I better fuccefs on adding an acid, as I might 
well forefee. The event was different when ona few grains of 
fulphur I poured fome of the oil, and heated them in a phial 
with a bent tube; for as foon as the fulphur melted, the oil 
began to act on it, grew red, and emitted hepatic air, fimilar 
to that produced by other proceffes. 

1 alfo obtained this air in great plenty from a mixture of equal 
parts fulphur and pubveri ifed charcoal, out of which its adventi- 
tious air had been as much as poffible expelled by keeping it a 
long. time ‘heated to rednéfs, in a‘ crucible on which a cover 
was luted, with a fmall perforation to permit the air to efcape. 
This ‘air ‘was ‘inflammable, as appeared by holding a lighted 
candle before it during its emiffion; yet it is hardfy poffible to 
free charcoal wholly from foreign air, for it foon re-attracts it 
when expofed to the atmofphere, 

‘This laft mixture, when diftilled, affording 4 large quantity 
of hepatic and fome inflammable air, without the addition of 
any acid, I imagined, that as the retort ‘was otily half full, it 
might contain a fufficiency of atmofpheric air to admit the 
combuftion of part of the fulphus, and thus furnith the necef- 
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_— fary acid; but when I filled the retort with air phlogifticated 
by the nitrous teft unto 1,8, and in this air diftilled the above 
mixture, the refult was exactly the fame as when the retort. 
was filled with atmofpheric air. 

Six grains of ‘pyrophorus, made of alum and fugar, effer-. 
vefced with marine acid, and afforded 2,5 cubic inches of he- 
patic air. This pyrophorus had been made fix years before, 
and was kept in a tube hermetically fealed, and for many fum- 
mers expofed to the ftrongeft light of the fun. It was-fo. com-: 
buftible, that fome grains of it took fire while it was intro-- 
duced into the phial out of which the hepatic air was expelled. 

A mixture of two parts white fugar (previoufly: melted: in. 
order to free it from water) with one part fulphur, when heated: 
to about 600 or 700 degrees, gave out hepatic air very rapidly.. 
This air had a {mell much refembling that of onions ;: it con-- 
tained no fixed air, nor faccharine, or other acid.. But. fugar 
and fulphur, melted together, gave out no. hepatic air: when: 
treated with acids. Water, fpirit of ‘wine, and marine acid,. 
decompofe this mixture, diffolving the fugar, and. leaving the: 
fulphur. 

A mixture of fulphur and plumbago afforded me: no: hepatic: 
air. 

I then tried whether fulphur. could: combine with elaftic 
fluids, and the refults were as follows. So , 

12 grains of fulphur, heated in 3 retort,. filled with metallic: 
inflammable ait, afforded. no hepatic air ;. though when the retort 
was cold, and for fome time expofed to the air, it {melled of: 
hepatic air. It is true, the heat I applied might be infufficient ; 
for the inflammable air paffing over with a flight heat,- the 
mercury afcended fo high into the neck of the receiver, that,. 


fearing the rupture of the retort, I was obliged to interrupt: 
the 


126 Mr. Kirwan’s Experiments 
‘the operation. I had no better fuccefs when the fulphur, pre- 
‘vious to its diftillation, had been moiftened with marine acid. 

Again, I expofed 18 grains of liver of fulphur to fix cubic 
inches of fixed air, thermometer 70°, for four days. The 
liver of fulphur. was fomewhat whitened on the furface; the 
-air had not an hepatic {mell, but rather that of bread. It was 
not converted into phlogifticated air, but feemed to have taken 
up fome fulphur, which lime-water feparated. {It was not in 
the-leaft diminithed, and therefore feems to have received an 
.addition of hepatic air, or rather.of fulphur. 

I alfo expofed a quantity of Julphureo-martial pafle to fixed 
air, for five days. The fixed air was not diminifhed, but re- 
ceived a flight acceffion of inflammable air. The patte itfelf, 
taken out of this air, and — to the ‘atmofphere, heated 
{trongly. | 

Laftly, I expofed 3. pr of falphur to about 12 ‘tells 
inches of marine air. It was not, diminithed in four days; nor 
was the fulphur fenfibly. Qn’ adding one cubic inch of water 
to this air, it was abforbed all to one inch, and this had an 
hepatic {mell; fo that ‘neither was the fulphur decompofed, 
nor the marine acid converted into inflammable air, The wa- 
ter had alfo an hepatic {mell, and evidently contained fulphur ; 
for it precipitated the folution of filver brown mixed with 
white, and the nitrous folution of copper reddifo brown, and 
when vegetable fixed alkali was dropped into it, let fall a white 
precipitate, namely, the falphur. 


SEC- 
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SECTION I. 
Of the general Charatters of Hepatic “ir. 


I found the abfolute weight of this air by weighing it in a glafs - 
bottle, previoufly exhaufted by Mr. Hur Ter’s new improved air- 
pump, whofe effect is fo confiderable as to leave in general only- 
xy and frequently but ,... part of unexhaufted air. This. 
bottle contained 116 cubic inches nearly ; and this quantity of~ 
hepatic air weighed. 38, 58 grains, the thermometer being then: 
67°,5, the barometer 29,94, and M. Saussure’s hygrometer 
84°,, the weight of 116 cubic inches of atmofpheric air 


beng at the fame time 34,87 grains;. hence a cubic foot of” 


hepatic air weighs, in- thefe circumftances, 574,7089 grains, 
and tco cubic inches. of it weigh. about 33 grains; and its 
weight, relatively to that of common air, 1s as 10000 to go 38 sa 
This hepatic air was extracted from artificial pyrites by: marine 
acid, 

The.inflammability of this air has-been already mentioned. . 
It never detonates with-common air ;. nor can it be fired, in a 
narrow-mouthed vefiel, unlefs. mixed with a confiderable pro- 
portion of this air. M. ScHEELE found it to inflame when ; 
mixed with two-thirds of-this air. According to M. SENNEBIER. 


* Hence the weight wHick I have affigned to common air in my firft paper, after : 
M. Fonrana, is evidently erroneous; and, indeed,' by that determination com-«. 
mon air would not ‘be even: 700, times lighter than water, in the temperature of, 
55°) and the barometer 29,5, which contradiéts all barometrical and aeroftatic. 
experiments: and I cannot omit mentioning the very near agreement of the weight 
of common air here found with that refulting from the calculation of Sir GeorcE 
SHUCKBUREH, it is fo great as to differ only by 2 grainsin a cubic foot. 

it; 
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it cannot be fired by the electric {park, even when mixed with any 
proportion of refpirable air. I found a mixture of one part of he- 
‘patic air and 1,5 of common air to burn blue, without flafhing 
or detonating. During the combuftion fulphur is conftantly 
depofited, and a fmell of vitriolic air is perceived. A mixture of 
half hepatic and half nitrous air burns with a bluifh, green, 
and yellow lambent flame; fulphur is alfo depofited, and in 
proportion as this is formed, a candle dipped in this air burns 
more weakly, and 1s at laft extinguifhed. A mixture of two 
parts nitrous and one of hepatic air partially burns, with a 
green flame, and a candle is extinguifhed in the refiduum, 
which then reddens on coming in contaét with atmofpheric air. 
I made a mixture of one part nitrous and one part hepatic air, 
aid to this admitted one part alfo of common air; the inftant 
the common air was introduced, fulphur was precipitated, 
and the three meafures occupied the fpace of 2,4 meafures ; 
this burned on the furface with a wide greenith flame, but 
the candle was extinguifhed when funk deeper. 

A mixture of four parts common air and one part hepatic 
burned blue and rapidly; but a mixture of one part dephlo- 
gifticated and one part hepatic, which had ftood eight days, 
went off with a report as loud as that of a piftol, and fo inftan- 
taneoufly that the colour of the flame could fcarce be difcerned. 

Every fpecies of hepatic air turns the tinéture of litnrus red. 
M. BERGMAN feems to think, that, if this air were wafhed, 
ft would not produce this effect; yet, when I had paffed two 
meafures of it through one of water, or when I had boiled it 
out of water impregnated with it, or even when I pafied that 
which had already reddened litmus, into a frefh quantity of 
litmus, it ftill preferved the fame property, which I therefore 
confider as effential to it. 

With 


on Hepatic Air, 129 

With refpect to folubility in water, hepatic airs extraGted 
from different materials differ confiderably. In the temperature 
of 66°, water diffolves, by flight agitation, two-thirds of its 
bulk of alkaline or calcareous hepatic air, extracted by marine 
acid; three-fourths of its bulk of martial hepatic air, extracted 
by the fame acid ; eight-tenths of that extracted by means of 
the concentrated vitriolic acid; or the dilute nitrous or faccha- 
nne acids in the temperature of 60°; feven-tenths of fedative 
hepatic air; nine-tenths of acetous hepatic air, and of that 
afforded by oil of olives; and its own bulk of that produced 
from a mixture of fugar and fulphur. In general, I imagined 
that which required moft heat for its production to be moft . 
foluble: though in fome in{ftances, particularly that of acetous 
hepatic air, that circumf{tance does not take place. 

But the moft remarkable phenomenon attending the union 
of hepatic air with water is, that it is not permanent. Even 
water, out of which its own air had been boiled, in a few 
days after faturation with hepatic air grows turbid, and in a 
few weeks depofits moft of it in the form of fulphur, though 
the bottle -be ever fo well ftopped, or ftand inverted in 
water or mercury. Yet water no way decompofes hepatic air 
by abforbing it; for the part left unabforbed by a quantity of 
water is abforbable by a larger quantity of water, and burns 
like other hepatic air. Heat does not expel this air from water, 
until carried to the degree of ebullition. | 

No fpecies of hepatic air, which I have examined, precipi- 
tates lime from /ime-water, except the carbonaceous; and even 
this fcareely produces a fenfible precipitation, unlefs a large 
quantity of it be made to pafs through a {mall quantity of 
lime-water. : 
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The fotution of acetous baro-/elenite, (that is, potrderous earth 
diffolved in diftitled vinegar) 1s rendered’ brown and turbid by 
this air, but that of marixe baro-felenite is not altered; nor are 
the folutions of other eartlis. Metallic fofutions are affeted 
by it m the fame manner as by kiepatic water, of which: P thal? 
treat in the fifth fechon. 

But of atl the tefts of hepatic air, the moft delicate: and fen 
fible is the /olation of filver inthe nitrous acid: "Phis, according’ 
as the nitrous acid is more or lefs fatarated’ with filver, becorrres' 
black, brown, or reddifh brown, by contact with hepatic air 
however mixed with any other air or fubftance. Wher the 
acid is not faturated, or is im largé proportion,. the brown or 
black precipitate, which is- nothing but fulphurated filver, is’ 
re-diflolved. - . 

It fhould alfo be remarked; that. all hepatic air is fomewtrat 
diminifhed by long ftanding on mercury, whofe furface is ther 
blackened by 1t. This is particularly the cafe of carbonaceous’ 
hepatic air, which certainly carries over and volatilizes part of 
the chareoal from which it is extrafted, efpecially that portion 
of air which comes over in the greateft ae this it — 
on the addition of water. 


SECTION ML 
Of the Action of Hepatic and other Aerial Fluids: on cach other. 


Six cubic inches of common and fix of hepatic air being. — 
mixed with each other, and ftanding over mercury for aght 
days, were not in the leaft altered in their dimeafions or other- 
wife; though a diminution of a ,.,th part might be perceived.: 
The mercury was flightly blackened. The event wasthe fame 

when 
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when three meafures of common and one of hepatic air were ufed. 
Water took up the hepatic air. No fixed air was found. 

Five meafures of hepatic, and five of dephlogifficated asr fo 
pure that one meafure of it and two of nitrous air made only 
three-tenths of a meafure, remained unaltered for eight days, 
the mercury only being blackened. No fixed air was produced, 
nor the dephiopifticated air phlopifticated. When the mixture 
was fired, it went off all at once with aloud report. : 

Four meafures of phlogifticated and four of hepatic air re- 
mained undiminifhed for fixteen days: water then took up the 
hepatic, and left the phiogifticated air. 

Four meafures of inflammable and four of hepatic air rerneined - 
unaltered for fix days. 

Two meafures of hepatic and two of marine acid ait fafered 
ac diminution in three days. The mercury on which they 
ftood was not blackened. Water took up both, and precipitated 
the folution of filver black. 

The fame quantity of hepatic and fixed air remained four 
days without any fenfible diminution. Four meafures of water 
abforbed the greater part of both, had an hepatic fmell, preci- 
pitated ime from: its folution, and alfo filver, as uftal. ‘Fhe 
veidworn extinguified a candle. 

But vitriolic, xitrous, and alkalive airs tad very remarkable 
effets on hepatic air. © 

Two medfares of hepatic being introduced to two of vitriolic 
dir, a whitith yellow depofition immediately covered both the 
top and fides of the jar, and both airs were, without any agi- 
tation, reduced to little more than one meafure; but the opa- 
city of the incrufted gfafs prevented my then afcertaining the 
diminution with precifion. Hence I repeated this experiment 
more at large, in the following manner. ‘To five meafures of 
Vitriolie air (each meafure containing a cubic inch) I added one 
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of hepatic air. In lefs than a minute, without any agitation, 
the fides of the glafs were covered with a whitifh fcum, which 
feemed moift, and a diminution took place of more than one 
meafure. In four hours after, Lintroduced a fecond meafure of 
hepatic air, which was followed by a fimilar diminution and 
depofit. ‘The next day I added three more meafures of this laft, 
at the interval of four hours between each ; and {till finding a 
confiderable diminution after each, I the following day added. 
another meafure; the diminution produced by this laft ap- 
peared to me not to exceed one meafure. I then poured off the 
refiduary air into another jar, and found it not to exceed three 
meafures; fo that here eleven meafures, namely, five of vi- 
triolic and fix of hepatic air, were reduced to three. Into one 
meafure of this refiduary air I introduced a lighted candle: it 
was immediately quenched. To the two remaining meafures 
I added one meafure of water: by agitation it took up four- 
tenths of its bulk. To part of the remainder I added nitrous 
air, which had no effect upon it. Another part of it extin- 
guifhed a candle. It had not a vitriolic {mell. 
. The water which had taken up four-tenths of its bulk of 
this air did not precipitate lime; nor did it affect acetous baro- 
felenite in lefs than a quarter of an hour, and then produced a 
very flight cloud. It fenfibly reddened litmus, and precipitated 
the folution of. filver white; and hence it appears to have taken, 
up avery minute portion of vitriolic acid. - And what was not 
taken up by water feems to have been mere phlogifticated air. ~ 
. L afterwards wafhed the fulphur, which coated the jar, with 
diftilled water. This water flightly reddened litmus, precipi- 
tated not only the acetous, but alfo. marine baro-felenite co- 
pioufly, as well as marine and nitrous felenite; alfo the nitrous 
folutions of filver, lead, and mercury, all white. It even 
2 precipitated 
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precipitated lime from lime-water, forming a cloud in. it, 
which neither the fixed nor volatile acid of vitriol can produce. 
Hence this water contained nothing hepatic; but, on the con- 
trary, a confiderable proportion of the aérial and vitriolic. 
acids *. | | 

With mitrous air I made-the following experiments. Firft, 
I found that two meafures or cubic inches of nitrous and two 
of hepatic air were little altered when firft mixed, even by 
agitation; but after thirty-fix hours. both were reduced to 
nearly one-third af the whole, but fomething more. Yellow 
particles of fulphur were depofited both on the mercury, and 
on the fides of the jar, but the mercury was not blackened. 
The refiduary air had {till an hepatic fmell, and was fomewhat 
further diminifhed by water;. and in the: unabforbed part a 
candle burned. naturally. The water had. all. the -properties of. 
hepatic water. 

Perceiving by this experiment that I had not: employed 
enough of nitrous air to. condenfe the hepatic perfectly, to. 
eight cubic inches of hepatic air I added nine of nitrous air, 
all atonce; a yellowith cloud inftantly appeared, a flight white. 
{cum was depofited on the fides. of the jar, and the whole. 
feemed diminifhed about two cubic inches, or between one- 
ninth. and one-eighth,-the temperature of the room being 
then 72°.. I then laid by the mixture, and in forty-eight. 
hours after, I found the whole reduced to fix cubic inches, and. 
the top and fides of the jar covered with a white cake of ful- 
phur,. the heat of. the room being. conftantly kept between. 
60° and 70°. Finding the dimimution to reach no further in. 

* Note, the vitriolic acid air here employed was the pureft poflible; it was 


extracted from fulphur difftilled with precipitate per /e. | 
twenty-- 
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twenty-fotr hours more, I examined the refiduary air. Te 
exhibited the following appearances. 

1°, It had the imell of alkaline air pretty ftrongly; at leaf. 
that {mell iffued from the jar that contained it after: the air 
itfelf was poured into another jar. 

2°, A candle burned in tt naturally. 

3°, It did not affe& tinGure of litmus or lime-water, or ace~ 
tous barytes. 

4°, No fpectes of air had any effect on it except the dephios 
gifticated, with which itt produced a flight rednefs and dim- 
nution. 

5°, It produced a ight white precipitate in fblution of 
filver. 

It is plain, this air is the fame as that which Dr. Prigst-- 
LEY calls dephlogifticated nitrous air, and which, I think, may’ 
more properly be called deacidified nitrous air. A farther exa- 
mination of it would lead me too far from the prefent fubje&t: I 
fhall therefore defer it until another opportunity. 

As it appeared to me, from the experiment mentioned in the 
fecond fe&tion (in which I found fulphur precipitated from a— 
mixture of nitrous and hepatic air, immediately after the ad~ 
miffion of common air) that an uncombined acid in the nitrous 
air was the caufe of the precipitation of fulphur ; I attempted 
depriving nitrous air of any loofe acid it might contain, before 
I fhould mix it with hepatic air. 

1ft, IT made fome nitrous air from filver very carefully over 
boiled and filtered water, and found it to contain an acid, for it. 
ftrongly reddened tinCture of litmus. 

adly, I admitted alkaline air to” this nitrous air until it rro - 
longer caufed any cloud, and then wafhed out the ammoniacalt 
compound in diftilled water; after which I transferred this 

3 purified 
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yeriGed nitrous ait to the mercurial tub. Ft appeared to fofe, 
by privation of its acid, about one-fixth of its bulk; and it wad 
diminified by common air juft m the fame manner as unpu- 
rifled nitrous: afr is. 

Tien to'$ cubic mcfes of this ptrifie nitrous air F admitted 
all at once 7 cubic inches of hepatic air. No cloud, diminu- 


fion, or depoftt, appeated’; but‘ in fix howrs after (the tempera- 


tere’ of the room being’ alf the time at’ 76°), the whole wag 
reduced tu: s ctrbic inches’; the’ dimmution werit rio further 
dgtiteen hotirs after. Sulphur, much whitet than in the fot« 


-Mer experiments, was depofited, and botH in this and im the 


former experintents that part of it which, by the riffing of rhe 
rhercury, was: irttercepted between’ it arid the jar, was of a- 
yellow and red’ thining colour, and not black as that depofited 
étt tercury ufvally is; The refiduary air flafhed with fo muchi 
vehemence as‘to-extinguifh the candle dipped into it, by the vio- 
lence of the blaft. The flame was exceeding white and vivid’; 
but it did not detonate im the leaft, but rather refembled de- 
phiogiftreated air. T'he’jar out of which it had been transferred 
had a fharp alkaline finell. 

This-air was not im the leaft diminifiied by nitrous air, evéty 
whem heated to 150 degrees; which heatI contrived to produce 
by paffing the upper part’ of the jar that contained this aly 
intoanother wider jar, furnifhed with a perforated cotk bottom, 
and filing this with water heated to that degree. 

Water poured into the jar ui-which the fulphur’ was‘ depo~ 
fited, produced a bluifh whité cloud in folution of filver, 
though infipid to the tafte. | 

Hence it appears tome, that, whatever this’ air may be, 1 
had been deacidified by hepatic air ftill more perfety chan 

that 
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that in which a candle burns naturally; and. that it is. by no 
means dephlogifticated. 

Laftly, /kaline and hepatic airs, perfectly pure - and mixed 
in proper proportions, would probably deftroy each other.com- 
pletely, though I have not been able to effe& this intirely 
Six meafures of hepatic.air from liver of fulphur and 6 of alka- 
line air immediately throw up a white cloud, leave a whitith 
{cum on the fides of the jar, and are reduced to about 1 mea- 
fure. On adding water this is reduced to about one-half; and 
in this 1 found 4 candle to. burn naturally: but the following 
experiments, being made with more care, prove that this, refi- 
duary air was only the common air of the veffels. 

To 6 cubic inches of calcareous hepatic air I admitted, all at 
once, 7- of alkaline air;.awhite cloud and a little white fcum 
at firft appeared; but in a few feconds the whole was reduced 
to fix-fevenths of a cubic inch; and on adding; 2 meafures of 
water, only one-ninth of a cubic inch of air remained. This 
could not be inflamed. The water, thus impregnated, preci- 
pitated a folution of filver black. .In this experiment great 
care was taken to have each of the mixed airs as pure as poffi- 
ble, and the alkaline was admitted all at once, inftead of by 
different portions, merely with that view; and it is probable, 
that, - if the due proportion were hit upon, nothing would 
remain. The {cum appears to be almoft liquid, and as foon 
as the jar is emptied of mercury, it breaks out into ‘a white 
{moke, with an exceeding fharp urinous {mell. 

wy ive meafures of martial hepatic air were, upom the admiffion 
of 53 of alkaline air, reduced to fomething more, than one mea- 
fure, and upon the addition of water there remained but half a 
meafures, and this . was inflammable, with, detonation; the 

443 inflammable 
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inflammable air undoubtedly proceeding frem the folution of 
the iron. 

Five cubic inches of faccharine hepatic air, mixed with 5 of 
alkaline air, were diminifhed more {lowly ; for after five, mi- | 
nutes there ftill remained 4,5 cubic inches. I then added ano- 
ther meafure of alkaline air~ in: three hours after there re- 
mained but.1,25 cubicinches. In paffing this refiduum through 
water it was reduced to about half a cubic inch; and-this 
burned with a.biue lambent flame, without leaving a vitriolic 
{mell or any Wepofit on:the glafs; fo that it nical was inflam- 
mable air from the sugar. 

I once imagined: 1 had obtained inflammable air from a mix- 
ture of alkaline air with hepatic air drawn from liver of ful- 
phur; but l-afterwards fourid this inflammable air proceeded 
from a.very flight contamination of zinc in the mercury over 
-which my airs had been produced; the alkaline air atted on 
this zinc, and muft have produced the inflammable air; for 
when I afterwards received and mixed thefe airs over mercury, 
perfeatly purified, I obtained no'more inflammable air. 


SEC T I ON IV. 
Of the Aftion M Hepatic Air, and Acid, Alkaline, and Inflam- 


mable Liquids, on each other. 


One meafure of ox! of vitriol, whofe {pecific gravity was 1,863, 
abforbed two meafures of hepatic air allto one-tenth. The acid 
was whitened by a copious depofition of fulphur. I alfo intro- 
duced, over mercury, a meafure of red #itrous acid, whofe {peci- 
fic gravity was 1,430, to an equal meafure of hepatic .air; red 

Vor. LXXVI. T vapours 
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vapours inftantly arofé, and only one-tenth: or ome-twelftli of 
a meafure remained in an aérial form; but as the acid. a@éd dn - 
the mercury, I was obliged to carry the jar-into the water tub, 
by which means the whole’ was abiorbed - -no — was here 
precipitated. | , : 

I repeated this experiment in another munner. Having-pro- 
duced 4,5 meafures of hepatic air over mescury, I transferred 
_ ‘them tothe water tub, and inftantly by means of a fyphon blew 
into them one meafure of the above concentrabéd nitrous acid: 
but-though I managed as quickly as.-poffible, the hepatic air 
was fomething diminifhed by contact with the water, before the 
‘acid had entered the tube that contained thé dir..-I then ftopped 
the tube with a ground glafs ftopper, and aid it by for twelve 
‘hours; after which interval 1 ‘found the liquor! m ‘the tube 
white: and turbid, and but weakly acid, much water-having 
éhtered in fpite of my endeavours to exchide *. “The rémadia- 
ing air flightly detonated on prefenting to: it a lighted candle, 
‘uid had an hepatic-fmell. But-as this hepatic:air was obtathed 
from fulphureo-martial pafte, it does not prove that:in flammable 
air enters into the compofition of other hepatic airs, derived 
from the union of fulphur with {ubftances that do not yield 
inflammable air. 
Finding it fo difficult to fabject — air to. the, direct 
action of the concentrated nitraus acid,, I diluted'i it to that pre- 
cife degree at which it could not act on mercury without the 
-affdtance of heat, arid then pafied through 1 an, equal bylk of 
.the fame hepatic air ; 3 the.acid- was whitened, and eight- tenths 
of the ‘air abforbed, and the refiduum detonated. 4 
‘the fame experszment with hepatic air from liver.of {ylphur, I 
- found :firll more of xt abforbed by the acid ; 7 the refiduum 
sad ' ee Teak - , ho 
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no longer detonated, but burned with a blue and greenifh 
flame, and fulphur was depofited on the fides of the jar. 

Obferving this dilute acid to abforb nearly three times its 
bulk of alkaline hepatic air, I expelled this air from it by heat, 
but obtained only one-fixth of the air that had been abforbed ; 
and in.this a candle burned naturally. 

Two meafures of alkaline hepatic air, being expofed to one 
of ftrong marine acid, were abforbed, by flight agitation, all to 
one-fifth of a meafure.. A third meafure of air being then 
added, there remained, after fome agitation, but half a mea- 
fure. Sulphur was precipitated as ufual; but the mercury 
over which the acid ftood attraéted it from the acid; for it was 
blackened, which did not happen when the former acids were 
wfed. ‘The refiduum burned juft as pure hepatic air. 

Diftilled vinegar abforbs nearly its own bulk of air, and be- 
comes flightly whitened; but by agitation it may be made to 
take up about twice it bulk, and then becomes very turbid. 

One.meafure of caufic vegetable alkalt, whole {pecific gra- 
vity was 1,043, abforbed nearly four meafures of alkaline he- 
patic air. It was at firft rendered brown by it; but after fome 
time it grew clear, fulphur was depofited, and the furface of the 
mercury blackened. This fhews that alkalies are not dephto» 
gifticated by filver or other metals, as Mr. BauME imagined, 
bat only cleared of part of the fulphur, which they commonly 
contain, it being formed by the tartar vitriolate contained in 
the plant, and coal, during combuftion. 

One meafure of cauflic volatile alkali, vwshofe {pecific gravity 
was 0,9387, abforbed 18 of hepatic air. If the cauftic liquor 
contained more alkali, it would abforb more hepatic air, as 6 
meafures of hepatic unite to 7 of alkaline air; and thus the 
ftrength of alkaline liquors, and their real contents, may be 

T 2 determined 
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determined better than by any other method. Alfo the {moak- 
ing liquor of Borie, which 1s difficultly prepared in the ufual 
way, may eafily be formed by placing the volatile alkali in 
the middle glafs of Dr. Nooru’s apparatus for making artr- 
ficial mineral waters, and decompofing artificial pyrites, or liver 
of fulphur, in the lower glafs, by marine acid. 

Oil of olives abforbs nearly its own bulk of this air, and ob- 
tains a greenifh tinge from it. 

But new milk {carcely abforbs one-tenth of its. bulk of this 
air, which is very remarkable, and 1s not m the leaft coagu- 
lated. a 

Oil of bar penirae alfo abforbs its own bulk of this air, and 
even more; but then becomes turbid. Water feems alfo to 
‘precipitate this air from it, for when fhaken with it a white 
cloud appears. 

Spirit of wine, whofe freciic gravity was 0,835, abforbed 
nearly three times its bulk of this air, and became brown. By 
this means fulphur may be combined with fpirit of wine much 
more eafily than by Count Lauracais’ method, the only 
hitherto known. Water precipitates the fulphur in part. - 

Sulphurated {pirit of wine does not tinge litmus.red; but it 
precipitates lime-water, as highly re€tified {pirit of wine fingly 
does. It alfo precipitates and gives a brown colour to acetous 
baro-felenite, which fpirit of wine alone alfo does. It turns 
the folution of filver black and reddifh brown. Concentrated 
vitriolic acid precipitates the fulphur from it, which neither the 
nitrous nor marine acids can effect. 

When hepatic air is mixed with an equal bulk of vitriolic ether, 
the bulk of the air is at firft increafed; but afterwards half of 
it is abforbed, and a flight precipitation appears. ‘The f{mell of 
the ather is mixed with that of the hepatic air; but on adding 

3 | water 
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water it becomes very offenfive, ‘refembling ‘that of putrefying 
animal fubftances. 

To one meafure of hepatic air I. added 1,5 of the sitrous 
Solution of flver: the aix was immediately, without agitation, 
reduced to half a meafure, and the folution: blackened. The 
remaining air admitted a candleto burn naturally. Hepatic air 
was alfo abforbed, but not fo readily, nor in fuch quantity, by 
the folution of vitriols of iron and filver; that of filver was 
blackened ; that of iron at firft. became white, but by agita- 
tion darker. The refiduary air burned blue, as hepatic air 
ufually does. 


SECTION V. 
Of the Properties of Water faturated with Hepatic Air. 


This water turns tin€ture. of litmus red. 

It does not affect lime-water. | 

It does not form a-cloud in the folution of marine, though 
it does in that of acetous baro-felenite. 

The folutions of other earths in the mineral acids are not 
altered by it. 

When dropped into a folution of v#trsol of tron or marine 
falt of iron, it produces a white precipitate. 

In nitrous falt of copper it caufes a brown precipitate, and 
the liquor is changed from blue to.green. The precipitate re- 
diffolves by agitation. In vitriol of seOpPer it forms a black 
precipitate. 

The folution of ti in aqua regia is soedictianed by it of a 


yellowifh white colour; that of go/d, black ; that of regulus of 
antimony, 


142 Mp. Krrwan’s ‘Experiments 

antimony, red “and “yellow; thet’ of platind, red mixed with 
| white. » 

The felution of filer in ‘the nitrdus acid, and alfo that of 
lead, whether inthe acetows’ or nitrous acid, are precipitated 
black. If the folutions are not perfedtly faturated with metal, 
the precipitates will be brown-or reddith brown, and may be re- 
diffolved by agitation. 

The nitrous folution of mercury is precipitated of a yellowith 
brown ; that of fublimate corrofive, yellow mixed with black ; 
but by agitation it becomes white. 

The nitrous folution of bi/muth becomes, by mixture with 
this water, reddifh brown, and even aflumes a metallic ap- 
pearance; that of cobalt becomes dark; that of zc, of a 
dirty white; that of arfenic, in the fame acid, yellow mixed 
with red and white, orpiment and realgar being formed. 

If of of vitriol, whofe fpecific gravity is 1,863, be dropped 
into hepatifed water, it renders it lightly turbid; but, if the 
volatile vitriolic acid be- ‘dropped into it, a bluith white and 
_ ghuch denfer cloud is formed in the water. 

Strong nitrous acid, whether phlogifticated or not, waited a 
copious white precipitation; but di/ute nitrous acid produces no 
change. Green nitrous acid, whofe fpecific gravity was 1,328, 
inamediately precipitated fulphur- from it. 

Strong marine acid produced a flight cloud; but neither 
diftilled vinegar nor acid of {ugar had any effec. 

It 1s faid by Mr. Beroman, that hepatifed water in a well 
clofed veffel effeéts a folution Of iron in a few days; but this 
experiment, on repeated trials, did not fucceed with me: nor 
could I diffolve any other metal in this water; the fulphur 
indeed unites to many of them, but forms ay infoluble mafs ; 

2 fo 
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fe that, I prefume,- metallic fubltances van never be found in 
hrepatifed mineral waters. 


° ea. 
_ 
. 


Base “SECTION VL 


Of the Properties of Alkaline Liguars impregnated with Ropar 
Air v : 


"I have already mentioned the. ptoportion of air they at are able 
to take up. Colourlefs fixed alkaline liquors receive a brownith © 
tinge from this air. The refiduim ay deave is of the a 
mature as the -part they abforb. . 

- A cauftic fixed alkaline eae ee swath this a alr, — pi 
vates Jarytes. from the acetous acid, of 'a yellawifh white tolour. 
Ze al{o decompofes.other. earthy falutions, and thé.colowe of the 
precipitates varies accarding to their purity, and peshaps this 
veft might be fo far apes as to fupply the. ee ad the 
Pruffian. alkaii. : 

Pe. precipitates the folution of. eer of: tran, aad atl mre 
rine faltof iron, black; but this latter. generally wiutens by 
agitation. That which I ufed' was: very: fatmrates “5 

The folutions-of flver ‘aud. .dead are .dlfo -preaapitatedt black 
with fome mixture of white ;: that.of gold si scaiaeaeritiite 5. 
Dut that of. pistina becomes brown. §  *'.:: 

Solutions of cual let fall a reddifh | black a hitieiin pric 
pitate. ? op Bey eae és 

Sublimate. corrofive by. this af difcovare:a précipitate partly 
white arid black, and partly orange and)grkanith. . : 

An the nit?ous -folution of arfeme it forms 2 vtine and! 
orange; and in that of-reguids. of amtundny, :in aqya. regia, ad: 
erange precipitate mixed with black, 

Nitrous: 
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Nitrous folution of xizc, thus treated, fhews a dirty. white; 
that of d:/uth a brown mixed with white; and that of codalt 
a brown and black precipitate. 

As Prufian alkali always contains fome iron, it gives a pur- 
ple precipitate with this. teft, which precipitate is eafily dif- 
folved. 

It turns tinéture of raddithes, which is my teft for alkalies, 
green. 

The adtion of liver of fulphur on metallic fubftances in the 
' dry way is defcribed by many authors, and particularly én an 
excellent Differtation by M. ENGEsTRomM; :but. its action in 
the moift way has not been mentioned,: as far:as I recolleét, - by 
any. Hence I tried its effect on a few grains of iron, cop- 
per, lead, tin, zinc, bifmuth, regulus of: antimeny, and 
of arfenic.. Putting each into a bottle, containing about three 
half ounces of. liquid liver of fulphur, fo. far’ diluted that its 
colour was yellow ; s; in about fifteen days.I found they all, 
except the zinc and tin, had attracted fulphur from the fixed 
alkali. Iron, arfenic, and regulus of antimony and lead, were 
moft altered ; copper next, and bifmuth leaft: but the liquors 
held none of the metals in folution ; that which contained iron 
became green ; on adding an acid fulphur was precipitated 5 ; if 
it held iron it could not at that period be deteéted. 

Water faturated with the condenfed refiduum of alkaline and 
hepatic air, that is, with the pureft volatile liver of fulphur, 
does not precipitate marine /élenite, though it forms a flight 
brown and white cloud in that. of marine daro-felenite. 

It produces a black precipitate in the folution of vitriol of 
fron, and a black and white in that ef marine falt of iron; but 
by agitation this laft becomes wholly white... 

It 
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It precipitates both vitriol of copper, and the nitrous falt of 
copper, red and brown. = | 

Tie in aqua regia gives a yellowith precipitate; gold a dilute 
yellow and reddifh brown; platina a fiefh-coloured precipsate ; 
and regulus of antimony a yellawith red. 

Silver is precipitated black 5 and fo 1s féad both from the 
nitrous and acefous acids. 

Sublimate carrofive appeared for an inftant red; but.foon after _ 
its precipttate appeared partly black and partly white. 

The nitrous folution of d:/muth affords alfo a precrpitate, 
partly black, partly white, and partly reddifh brawn, ahd of 
a metallic appearance; that of cobalt is alfo black or deep © 
brown. 

Ar fenical folutions give yellow precipitates more of Jefs red 3 
but thofe of sunc only a dirty white. | 
- Alb thefe colours vary. in fome degree, inthis as the 
liquors are more or Iefs faturated prévious to and after their 

mixture,. and the time they have ftood. together. 


SECTION VIL 
Of the Conpitution of Hepatic Air 


From an attentive confideration of the above experiments, 
which I purpofely difengaged from dll theory, it is difficult to 
conclude, that hepatic air confifts of any thing elfe than ful» 
phur itfelf, kept in an atrial ftate by the matter of heat. 
Every attempt to extra& inflammable. air from hepatic air, 
when drawn from materials that previoufly contained nothing 


inflammable, namely, from alkaline or calcareous hepars, 
Vor. LXXVE U proved 
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proved abortive: on the contrary, when the matetials could 
previoufly fupply inflammable air, as when martial carbonaceous 
and faccharine compounds were employed, inflammable air, in 
ever fo{mall a proportion, was deteted: nor could hepatic air 
be procured from the dire&t union of mflammable air and ful- 
phur, as we have feen. 7 

Some have imagined, that this air. confifts of liver of ful- 
phur itfelf volatilized, and confequently that an alkali enters 
into its compofition; but many weighty reafons oppofe this 
{uppofiton. .In the firft place this-air is evidently, though 
weakly acid, fince :t reddens litmus, and precipitates acetous 
baro-felenite. adly, It.may be extracted from materials that 
either contain no alkali at all, or next to none, as iron, . fugar, 
oil, charcoal : and, laftly, it is not decompofed by marine or fixed 
air, by which, neverthelefs,. liver of fulphur is decompofable.. 

_I formerly thought that fulphur:was held.in {olution ‘in: he- 
patic air, either by vitriolic.or marine air; yet though both of 
them may hold fulpherin folution, as-we have feen, ftill neither 
of them is effential to the conftitution of hepatic air as fuch,. 
fince it is producible from materials that contain neither of 
thefe acids ; and, from :whatever fubje& itis obtained, it exhibits. 
the characters of one and: the fame-acid, namely, the vitriolic: 
exceedingly weakened i, and fach an acid: we may fuppofe fulphue- 
itfelf to be.. 

In effed, falphur,, even i in “its concrete ftato, affords many, 
characters of acidity. . At unites with. alkalies, calcareous, and 
ponderous, earths,, and moft metals, as, a weak acid might : : 
and except a manifeft folubility in. water (a property which 
{ome other concrete acids alfo poffefs in a very weak degree) it 
exhibits « every charaéter of acidity. But its acidity is the weakeft 
pofiible, fince it decompofes only acetous, and. nof mayine bgro=. 

felenite, 











on Elepatic fur. 147 
felenite, and is feparable from alkalies and earths by all other 
acids. 

That the matter of heat enters into the compofition of this 
air, is evident from the experiments of M. Scuexe, who paid 
particular attention to that obje&. He found, that acids excite 
much lefs fenfible heat in uniting with hver of fulphur, whe 
ther alkaline or calcareous, than while uniting with a propor- 
tion of cauftic fixed alkali or lime equal to that which enters 
anto the compofition of thofe /ivers; whence he juftly infers, 
that the difference enters into the compofition of the hepatic air 
produced. I have proved the fame thing another way: for, 
inftead of decompofing an alkaline hepar by marine acid, I 
tried to decompofe it by a faturate folution both of marine 
felenite and marine’ Epfom. ‘The decompofition indeed took 
place, but no hepatic air was produced: for the acid having 
given out its {pecific heat on uniting to the earths, had none 
to lofe or communicate on uniting to the alkali, and confe- 
quently the fulphur receiving none could not be thrown into 
an a€érial ftate. 

It is remarkable, that bodies capable of an sbrial form re- 
ceive the latent heat neceflary for that form, much more rea- 
duly from a body that parts with its f{pecific heat than by the 
mere application of fenfible heat. Thus aérated barytes can- 
not be decompofed by mere heat, as Dr. WITHERING has 
fhewn, though its air is eafily feparated from it by an acid ; 
and in the fame manner antimony cannot be defulphurated 
even by vitrefaction, though it may by acids: fo liver of ful- 
phur will not give hepatic air by mere heat, though it will 
by the intervention of an acid, even the weakeft. The reafon 
of which feems to be this: the matter of heat has tio parti- 
cular affinity with any fubftance, as is evident from its, paffing 

U 2 indifferently 
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indifferently from any hot bedy tea colder, of whatever fort. 
or kind the bodies may be; but it is determined to unite with 
this or that body im @ Ktent ftate, in greater or lefler quantity, 
in proportion to the greater or leffer capacity of thefe bodies to. 
receive it. Now acids, by -wnitmg té the alkaline bafis of 
liver of fulphur, expel the fulphor, and give it their heat, at 
the fxflen? the fulphur, by its feparation, has the. capacity: to. 
receive it; whereas fenfible external heat, a@tme‘alike on both 
the conftituent parts of liver of fulphur, feparates neither; of 
if it-feparates them, yet, by its fuccaftue ation, it throws one 
of them into a vaporous fate: firtk, aid bodies that fix8 acquire 
this ftate can never after gs li am aerial ftate br “ fue 

ent aceeflion of heat. 

The vitriolic: and nitrous ‘ia, are lefs diwaa to the pros. 
diction of hepatic air than the marine acid, theugh they con 
tain more fpecific heat than: the mere-acid’ part. of the marine. } 
acid:: the-moft probable reafon of which is, becaufe they have. 
a ftronger- attraction to folphur it@lf, and fo detain 

Hepatic air is much difpofed to give out its latent heat, pars 
ticularly when in conta&t with febftarces-to which it has. any 
affihity ; ‘thus it 1s: condenféd' in water in a few- days; it is alfe. 
condénfed by long expofirre to frefh farfices of mercury er'filver 
or other metals,: particularly if they are mow®. NK Beromaw. 
found’ it-in great meaftre cendenfed into felpher, when-in- 
clofed’alone in a bottle *. Jn this café it prebablj contained an. 
excefs of fulphur; for hot hepatic air is capable of’ Kesping:: a, 
. farther quantity of fulphur-in fletion;. and depofing it when: 
cold, as Ehave frequently obférved.. a 


*. See. a noserin,the Second. velume of’ M.. Moawzae’s-tranfation of: tha fecond- 
volryme,.of Bun awan.s, Works, p. 341.. : i 
3: The 
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"Fhe precipitation of metallic fubftances by this air is owing 
partly to the union urd phlopiftication of the acids by this air, 
and partly to its union with the metals themfelves, for it evi- 
dently unites.in moft cafes to both. 

As alkalies and fulphur are knowm to have an affinity to each 
other, we eafily underftand why hepatic and alkaline airs are- 
condenfed when mixed’ with each other; nor is there any. dif- 
ficulty in conceiving why hepatic air is not condenfed by com- 
mon, dephilopifticated, inflammable, or phlogiflicated airs, or re- 
markably by marine air; but it feems very extraotdinaty, that 
hepatie air and vitriofic air‘ fhould bé condenfed, and: m. dréat: 
theafare converted inte fulphur by thetr mutual attion on. each: 
ether, particularly as they both fee. nearly of the fanre fpe2 
cies, or at leaft:nearly allied to each’ other. The attractio# of 
two bodies; thus circumftanced, is certainly very extravrdi-- 
nary ;. yet that their union proceeds:from attraction feemis pretty 
evident, for concentrated vitriolic acid, and’ particularly vola- 
tile vitriolic acid, precipitates fulphur copioufly ‘from hepatifed. 
water. Volatile‘ vitriolic acid frequently holds forne fulphur in 
folution, as appears from the experinents of Dr. Prtestrey 
and M! Bertwozve? ; and hence it depofits:fome whett it lofes. 
its aérial form, or by mere length of time; but the whole of 
this condenfed air is not turnetl into fulphur, for the water that 
waffied! the’ precipitated fulphur took. up’ 4 Seay of volatile 
acid and fixed air,. as-has. been fhewrr.. 

‘The cdndenfation-of hepatic air by- nitrous. ait’ feems owing 
ty the fame cauft ;- for when the nitrous air was'int preat'depree. 
deprived' of fuperfluows acid, the condéenfation of thd’ Hepatic 
was muth flower ;- and that-which after alf took’ place’ feems- 
th have been effected by thé décontpofition of the nittots. air. 
and ‘the confequent extrication of atfacid.. 

, The: 
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. The decompofitions effected by fixed and volatile livers of 
 fulphur obvioufly proceed in moft cafes from a double affinity. 


SECTION VIL 
Of Phofphoric Hepatic Air. 


_ As phofphorus, in refpe& to its conftituent parts, bears a 
{trong refemblance to fulpbur, I was naturally led to examine 
its phenomena when placed in the fame circumftances: I 
therefore gently heated about 10 or 12 grains of phofphorus, 
mixed with about halfan ounce of cauftic fixed alkaline folution, 
in a very {mall phial, furnifhed with a bent tube, and received 
the air over mercury. Upon the firft application of heat two 
fmall explofions took place, attended with a yellow flame and 
white {moke, which penetrated through the mercury into.the 
receiver; thefe were followed by an equable production of air. 
At laft the phofphorus began to fwell and froth, and fearing the 
rupture of the phial, I {topped the tube to prevent the accefs 
of atmofpheric air, and removed the phial to a water tub, 
intending to throw it in; but in the mean while the phyal 
burft with a loud explafion, by reafon of an obftruétion in the 
tube, and a fierce flame immediately iffued from it. However 
I obtained about 8 cubic inches of air. | 
_ This air was diminifhed very flightly, by agitation with an 
equal bulk of water, and then became cloudy like white {moke, 
but foon after recovered its tranfparency. Upon turning up 
the mouth of the tube to examine the water, the unabforbed 
air inftantly took fire, and burned with 2 yellow flame without 
exploding, leaving a reddith depofit on the fides of the tube. 
Water 
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Water impregnated with phofphoric air, and over which.this: 
air had burned, flightly reddened tincture of: litmus :. 

Did not affect Pruffian alkali : 

Had no effect on the nitrous folutians of panes or lead, sinc 
or cobaif, nor om marine folution. of soz or fin, or of tin in 
aqua regia, nor on the vitriolic folutions. of sron, copper,. tin, 
kad, zinc, regulus of antimony, arfenic, or manganefe ; ; nor on. 
the marine folutions of sron, copper, lead, zinc, cobalt, — 
or mangane fe. 

But. it precipitated the nitrous ‘folition of fiver black, ‘and 
vitriol of filver brown; alfo nitrous-folution of mercury made 
without heat brawn and black; but vitriol of mercury firft. 
became reddifh, and afterwards white ;. and. ns correfive 
yellow and red mixed: with white. 

Gold: diffolved: in: aqua regta 1s’ precipitated purplith black, 
and from: the vatnolic.acid brownith red and black; but regu/us. 
of antimony 1 aqua regia . 18 — whité by this phof- 
phorated water... Se 

The nitrous folution of biftourb thewed fit a sis and 
prefently: 2 after. a. brown precipitate. Vitriol of bifmuth and 
marine fale of bifmuth were. alfo en btowh 5 ‘this latter, 
‘ te-diffalved by: agitdtion.. = wes 

The-nitrous folutiom of — al hin iii ‘but. See 
difolved.by. agitation: = .. = 

. Lafterwards impregnated: forme water: with: this air: wicket 
fuffering the air to burn over it:. it fcarcely. affected litmus, 
did not precipitate lime-water; but it caufed a black. precipitate 
in folution of fiver, a white precipitate of regulis of antimony’ 
in A, and. 2 whitith yellow 1 in that of fublimate. corrofiue. | 

To a. meafure of this air I let up.a meafure of. water,. and 
Hirgugh this fome {mall. bubbles of. common. air.;. every bubble 

flamed: 
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flamed and produced a white {make until about half as mych. 
common air was introduced as there was originally of phofpho- 
ric; and yet the original bulk did not appear increafed ; ‘the 
flamie each time produced a {mall commotion, and a {moke de- 
fcended after inflammation into the water: when. flame ceafed 
to be produced, {moke ftill followed the introduction of more 
common air Bubbles of ‘phofphoric air, efcaping through 
mereyry inte the atmofpheze, mam crackle, and fmell, ay 
like the electric {park a! 

Fo a meafare of phofphoric air I let up a half opafure of 

nitrous gir: a white fmoke ‘appeared, with an exceeding fleght 
diminution, and the tranfparency. was ‘foen-reftored, a flighe 
fcum being depofited on. the fides of the jar. Another half 
meafure of nitrous air produced no fmoke. or diminutien.; hut 
en adding water, and agitatiag ‘the air in it, much niore of it 
was abforbed. Upon turning up the jar. the. nitrous: airy fixtt 
efcaped in the form of a red vapour, andi this was felhowod by 
a whitith {moke. ‘The water had a phofphoric fmeli, and pre» 
cipitated the folution of filver browm In.this experiment the 
acid of ‘the nitrous aiz feems to have ated: tite fame part thatig - 
does in hépatic ait. 
_ Phofphoric air was {carce at all diminidet ‘by the addition of 
ah equal meafure. of a/kaiine amr; and wateo bemg put: up to 
thefe, took up in appearance little elfe then alisaline-air, yet 
on turning up. the mouth of the jar, the: ee Smoked 
without Haming. 


* A few months after J ‘made thele eaperiarnts on pho(pharic air, the See 
eee of. the Mémoires des Savans Egrangers was publithed ; and in, this: J 
found, that: the Spontancous- inflammation of this ~ air was kiown’ to M: Gries 
GEMBRE ‘in the year 1783: re ase are etme’ is /Ronsss! s 
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The water, thus impregnated, had exactly the fmell of onions. 

It turned tincture of radifhes green. 

It precipitated folution of fiver black; and that of copper in 
the nitrous acid brown; but this precipitate was re-diflolved by 
apitation, and the liquor became. green. - Subhmate corra _ | 
was precipitated yellow mixed with black, 

Iron was precipitated white, both from the vitriolic and 
marine acids; but a pale yellow folution of it in the nitrous - 
acid was not affected; and a red-folution of it in the fame acid 
was only congrumated. 

Regulus of antimony in aqua regia gave a white, cobalt in 
nitrous acid a very flight reddifh, and 4: me in the fame acid 
a brown precipitate. 

But neither the nitrous folution of /ad or zinc, nor that of 
tim in marine acid or aqua regia, nor that of regulus of anti- 
mony 1D aqua regia, were any way affected. 

Fixed air, mixed with an equal. proportion of phofphoric air, 
" produced a white {moke, fome dimivution, and a yellow de- 
pofit. On agitating the mixture in water, the fixed air was 
taken up all to one-tenth. The. umecsae {moked, but did 
not inflame fpontaneoufly.~ . - 

To a {mall portion of phofptioite z I introduced fome 
precipitate per fe. It foon grew black, and a white fmoke 
appeared. In two days the. une remained folid, yet 
acquired a fhining pale white colpyr, Ake that of fteel: the 
air loft its fpontaneous inflammabifity ; but I am not certain 
that this want of inflammability did not proceed from fome 
other caufe; for two days after I made this air, I founda quan- 
tity of it, which had refted all night on water, had depotited a 
yellow fcum on the fides of the jar, and loft its {pontaneous 
inflammability next morning. ‘The temperature of the air was 
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then 53°; and when it inflamed before, the temperature 
was 68°. | 

From thefe few experiments, which the {mall quantity of 
air | then obtained did not fuffer me to repeat, I think we may 
conclude, that phofphotic air is nothing elfe but phofphorus 
itfelf in an aérial ftate, and differs from fulphur in this, among 
other points, that it requires much lefs latent heat to-throw it 
into an aérial form, and hence may be difengaged from fixed 
alkalies, without the affiftance of an acid. © 
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VI. Obfervations on the Affinities of Subfiances in Spirit of Wne. 
Jn a Letter to Richard meiinnd Efy. F.R. S, = _— 
Elliot, M4. D. 


Read January 19, 1786. 


$1R, 


N your excellent papers on the attractive powers of the 

mineral acids, you thew that mttallic-calces have ftronger 
attractions to thofe acids, than alkalies and earths. The fol- 
lowing experiments not only confirm this doétrine, but alfo a 
pofition that I have lately ventured to advance *, ‘ that cer- 
“‘ tain decompofitions will take place in fpirit of wine, which 
* will not at all in water, nor in the dry way.”.. 

I have fhewn, that if exprefled oil be mixed with flaked 
lime into.a pafte, fo as‘to form calcareous foap, and mild 
alkali be added, the latter will not decompofe the former, 
either in water or by fufion. But that if f{pirit of; wine be 
fubftituted for water, an alkaline foap and mild calcareous - 
earth will be formed. As fea falt contains the foffil alkali, and 
as by your table of affinities acids have ftronger attraction to 
Metallic calces than to alkalies, I cancluded, that if fea {alt 
Were added to a metallic foap, a fimilar coun decom pofition 
Would take place. 


* In an Appendix to the fecond edition of the ‘ Bement of the Branches of 
“ Natural Philofophy connected with Medicine. ” 
X 2 | To 
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To try this I took fome diachylum, which had been bought 
at Apothecaries-Hall, and added to it fea falt; then covered 
them to a fufficient height with fpirit of wine, and fet the 
bottle over the fire. Soon after they had boiled, the decom- 
‘pofition of the diachylum began to be apparent. When the 
boiling had continued fome time, I removed the veffel from 
the fire, and after it had ftood a few minutes, decanted the 
clear liquor while hot; then evaporating it, obtained a true 
alkaline foap. The refiduum of courfe contained a quantity of 
calx of lead, combined with marine acid. 

But much of the diachylum remained either wholly or 
partly undecompofed: I therefore added more fea falt and 
{fpirit of wine, and obtained a further yield of foap. But 
though much fea falt remained behind, diachylum was ftill 
found in the refiduum. I found, indeed, that if the ingre- 
dients were previoully freed from their water, the procefs fuc- 
ceeded to fomewhat better advantage. 

From five ounces of diachylum I did not get quite three 
ounces of foap. This foap was likewife foft, and contained 2 
portion of oil not combined with a fufficient quantity of alkali. 
The oil, I.fuppofe, had exifted in a fimilar ftate in the diachy- 
lum: and ‘I remarked, that as the fpirit evaporated, it gave. 
out the true foap firft, the unfaturated oil not till afterwards ; 
‘fo that the latter might eafily be obtained {eparate from the 
former. | _ 

If too much falt was employed, much of it was taken up 
‘by the liquid, and communicated to the foap, at leaft if the 
ingredients had-'net been previoufly deprived of their water. 
To feparate this falt I diffolved the foap in hot water. When 
the liquor was cold, the foap floated at top, the falt remaining 
in the water underneath. If too little falt was ufed, this 

inconvenience 
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inconvenience did not happen, or not in fo great a degree, 
though then lefs foap was of courfe obtained. 

As diachylum, though with a greater proportion of litharge, 
and boiled longer than that I had from the Hall, ftill con- 
tained oil not fufficiently faturated, I. made the metallic foap 
in another way. To a folution of fugar of lead in water I 
added a folution of alkaline foap in the fame liquid. A double 
decompofition took place, the oil uniting with the calx of lead,. 
the alkali with the acid of falt. Ufing this metallic foap in- 
ftead of the other, I obtained an alkaline foap harder and: 
more perfect than in thie preceding, procefs ;. but {till found that 
part of the oil remained with the calx of lead inthe refiduum, 
and adhered {fo firmly, that repeated quantities of. fea falt and 
fpirit of wine did not wholly feparate it.. 

As I have given this procefs more with a philofophical view 
than any other, I have been thus particular in my account of. 
It, to fhew that however eligible it may appear at firft view, it 
will not anfwer for making foap for common fale. The alkali 
indeed is procured much cheaper than from barilla, as the lead’ 
may be revived and re-calcined into litharge.. But the whole 
of the oil or fat cannot eafily be converted into foap, though: 
in. order the better. to effect it, I have mixed fand with the- 
diachylum: and as the oil and litharge muft, in the large 
way,. be united by boiling, a confiderable part of the former 
will not be fufficiently faturated. Fuel muft be ufed, not.only: 
for forming the metallic foap, but likewife for decompofing - 
that foap, and then diftilling off the fpirit, which. will alfo: 
require additional time and labour. The quantity of {pirit: 
of wine loft, though the procefs (fo far as that'liquid 1s con- 
cerned) be performed in a ftill, will alone. nearly counter-- 
balance the faving in refpect to alkali. And.in the procefs itfelf 

| there - 
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there is confiderable danger, not only of the fpirit taking fire 
from the careleflnefs of the workmen, but likewife from the 
frequent explofions that happen during the decompofition of the 
metallic foap. 

As in the experiment with calcareous earth and mild alkali, 
fo in this, I found that the decompofition would not take place 
when water was ufed, nor by fufion. In the latter cafe, I 
found that the falt was fo ftrongly attracted, that it quitted 
its water of cryftaliffation to unite to the metallic foap. {fF 
fpirit of wine was added to this mafs, a double decompdfition 
took place, as already defcribed. 

Inftead of fea falt, I added to diachylum Grauper'sfalt, freed 
from its water of cryftallifation by heat. I expected that it 
would have acted on the metallic foap more fpeedily than the 
fea falt; but the contrary appeared on trial. On adding a 
{mall quantity of {al fode, the decompofition went on better, 
and fufficiently to fhew that the ingredients were capable of 
acting on each other. And I fuppofe, from your table, that 
other neutral and earthy falts will have a fimilar effet, efpe- 
cially if deprived of any fuperfluous acid by the addition of a 
little alkali or earth ; though I have not made the trials. 

Profeflor BerGMan has divided his table into two parts; 
the affinities as they take place in the moi/, andin the dry way. 
But thefe experiments fhew, that in the moi way the affinities 
take place differently, according as water, or fpirit of wine, is 
ufed. Perhaps a like difference would be found on ufing other 
liquids, each of which would probably afford a different table: 
for much depends on the attraction which the ingredients 
themfelves have to the liquid employed, as I have endeavoured 
to thew in the work before referred to; for the liquid is to be 
confidered as one of the ingredients. 

2 I beg 


\ 
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I beg leave to add, Sir, that I think I have fince hit upon a 

better method of making foap, and without {pirit of wine; 

but as I have not yet made all the experiments on this fubjeét 

that I intended, I cannot at prefent give you an account of 

them. If they fucceed, I will take the liberty to acquaint you 
with the refult. 


Iam, Sir, with the greateft refpect, &c. 
J. ELLIOT. 


Great Marlborough-Street, 
O&ober 31, 1785. 


P.S. Since writing the above I have found, that if mild 
fixed alkali be added to diachylum in’ hot water, they unite 
into a gelatinous mafs, which is mifcible ‘with the water. 
This may be confidered as a kind of epar. If this fubftance 
be put into hat fpirit of wine, the decompofition already de- 
feribed takes place. If chalk be fubftituted for alkali, there is 
a fimilar refult. I have found that nitre is decompofed by 
diachylum in fpirit of wine. I have alfo found, that if the 
compound of diachylum and common falt be put into hot {pirit- 
of turpentine, the diachylum : ig diflolved, but the falt remains: 
at the bottom of the veffel. 


3 
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VIL. An Account of fome minute Britith Shells, either not duly 
obferved, or totally unnoticed by Authors. In a Letter to 
Sir Jofeph Banks, Bart. P. R. S. by the Rev. John Lightfoot, 
M. AF. RS. 


Read January 26, 1786. 


DEAR STIR, 


S you were pleafed to think a few fhells, which I lately 

fubmitted to your infpection, might not be unworthy 
_ the notice of the Royal Society ; encouraged by fo ref{pectable 
an opinion, J thall now beg leave to lay before you fome Draw- 
ings which I have caufed to be made of them, together with 
fuch remarks concerning them as may tend, in fome degree, to 
‘illuftrate their -natural hiftory. 


The firft I fhall mention is an univalve, coiled up into a 
{piral form, the cavity of which is divided into three, four, or 
more diftiné& chambers or apartments by folid tran{verfe /epta, 
which communicate with each other by a triradiated aperture. 

Thefe chara€ters accord with no genus of fhells, hitherto 
eftablifhed, fo well as the Nautilus. It is true, it has not fo 
many chambers as others of that genus, nor are the apertures 
of the fepta of a tubular form; but as thefe, according to the 
laws of method, are to be confidered as marks of a /pecific 
rather than generic nature, fo I fhall not hefitate to refer the 
fhell under confideration to the family of Nautilus, at leaft till 

we 
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we are authorifed, by the difcovery of many more of a fimilar 
ftructure, to rank it under a new genus. 

That I may give a more full and fpecific defcription of this 
fingular fhell, it muft be obferved, that its figure is a flatted 
fpiral, urnbilicated on one fide, convex on the other, but yet 
flightly deprefled in the centre, meafuring in diameter about a 
quarter of an inch; that itis generally coiled up into four-volu- 
tions, which are convex above, and fo nearly plane beneath ac. 
to form at acute or carinated margin; and that each of thefe 
volutions, on the upper fide, has a narrow. thread-like border | 
er fillet on the interior edge. The front view of the mouth is 
obliquely femioval, the upper edge projecting farther than the 
lower. 

The fubftance of the fhell is very brittle and pellucid, and, 
when alive, of a reddifh brown or chefnut colour throughout, 
except about three or four faint white lines, which appear like 
rays running from the central umbilicus to different and nearly 
equidiftant parts of the circumference. Thefe white lines are 
not ftraight, but fhaped each like a fhort curve, or-comma, on 
the upper fide, and are nothing elfe but the fhades of the /epta 
in the cavity of the fhell. 

Such is its external appearance. ‘The internal ftruCture is 
extremely curious; for the whole cavity is divided into three, 
four, or five chambers or compartments (according to the age 
of the fhell) at nearly equal diftances, by tranf{verfe /epta of a 
hard white brittle femipellucid fubftance, refembling agate or 
enamelled glafs. Each of thefe /epta has a triradiated apers 
ture not unlike the Greek capital upfilon, or the Roman Y, 
inverted, (x) through which the animal, by means of its foft 
compreffible and extenfible nature, - eafily. contrives .to extrude 

VoL. LXXVI. Y itfelf, 





162 Mr. Licitroot’s Account of 


itfelf, as much as is neceflary, when in fearch of food, or in 
the act of moving from one place to another. 

It may not be amifs here to obferve, that the /epta above- 
mentioned are totally foreign, both in afe and /fruéfure, from 
what are called opfercu/a in other fhells: I mean. thofe tempo- 
rary covers or ftoppers, made ufe of by many teftaceous ani- 
mals to clofe up the mouths of their fhells, and defend them 
from injury in their quiefcent ftate. 

The opercula, however various in fubftance, are ¢ always ob- 
_ ferved to be fingle, imperforate, moveable at the will of the 
animal, and conftantly placed, as a fecurity, in the mouth, 
never in any other part of the cavity of the fhell; whereas the 
Jepta, in the fubject now before us, are repeatedly conftructed 
in feveral parts of the cavity, are all of them perforated, inti- 
mately connected with the fubftance of the fhell, and confe- 
quently fixed and permanent, as in all the Nauti, 

And as to the w/e of thefe fepta, though I dare not fay what 
might be the real intention of nature in their formation, yet 
it will be no prefumption to affirm, that they could not be 
defizned for the fame purpofe as opercula in other fhells; not 
only becaufe they are placed where they cannot anfwer the 
fame end, but more efpecially on account of their open ftruc- 
ture, which iitirely excludes them from the poffibility of 
affording a proper defence to the enclofed animal. 

Should it be faid, that they only ferve to point out the dif- 
ferent periods or flages of the fhell’s growth, and are nothing 
elfe but the /mits or terminations of the animal’s periodical 
increafe, I will not difpute the opinion ; it may perhaps be very 
true; but fuppofing it to be fo, is it not equally probable, that 
the tranf{verfe /epta in all the Nautili are nothing elfe? 

But 
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But I muft not conclude my remarks without taking fome 
notice of the inbaditant of this fingular fhell. It appears to 
be of the flug kind, but differs from the common /and forts in 
this refpect, that the Antenne are filiform, and the eyes not 
placed upon their /ummits and retracile, but fixed upon the bead 
near their bafes, as is probably the cafe in all the truly aquatic 
kinds, at leaft in all fuch as I have hitherto examined. The 
animal is of a foft and flexible nature, and grey brown co- 
lour, and has a power of extenling itfelf out of the thell 
through the aperture of the exterior /eptum; at which time it 
aflumes a triradriated fhape, not very diflimilar from the aper- 
‘ture itfelf, or like an inverted Y (x), the thickeft ray of which 
is the head and body; one of the lines which form the angle 
is the tail, and the other is a kind of dorfal ligament, which. 
extends from the back of the animal, through one of the rays 
of the aperture, and through: the whole cavity of the fhell, 
and all its /ept2, to the centre, as may be feen by placing the 
fhell between the eye and the light (fee fig. 3. Tab. 1.). 

In the concife Linn#an mode of defcription this fhell 
may be named, 

Nautilus (/ecuffris) tefta {pirali compre umbilicata cari- 
nata, anfractibus tribus fupra convexis contiguis, aper- 
tura femiovata, feptis triradiato-perforatis. 

The Frefh-water Nautilus. 

I find no author who has taken any notice of this fhell, ex- 
cept Mr. WALKER, who, in his late curious publication on 
Minute Shells, has defcribed it under the name of 

Helix /Aneata dorfo convexo umbilicata margine acuto; and 
has given a figure of it in the fame work, Pl. I. fig. 28. 

But this ingenious gentleman is‘ free enough to con “els, 
that its chambered fruéture had entirely efcaped his ~ “ sotice, 

Y2 ‘atherwife _ 
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otherwife he would doubtlefs not have ranked it among the 
Helices. 

The place where the fhell is to be found, is in deep ditches 
of clear water, adhering to the roots of Carices. It was col- 
leéted near Upton Church, not-far from Eton, in Bucking- 
hamfhire, in the {pring feafon. Mr. WALKER reports it to be 
found on flags in Hornhill Brooks, in Kent, but very rare. 

The figures annexed will explain what I have been defcnbing 
much better than words, 

Fig. 1. (Tab. I.) The fhell of its natural fize, with the 
umbilicated fide uppermoft. 

2. The fame with the depreffed fide uppermoft; the dark 
fhade in both fhewing how far the cavity of the fhell 1s occu~ 
pied by the dead animal included. 

3. The fhell magnified with the drprefed fide uppermoft, 
fhewing the live animal within it, its head and antensne pro~ 
truded. Here the white lines appear double, being the fhade of 
the /epta on both fides of the fhell. 

5. The fame magnified with the umbilicated fide uppermoft,, 
the head and under fide of the animal appearing to view. 

4 The fame magnified in a perpendicular view, with the- 
mouth in front, but cut away down to the firft /eptum, im 
order to fhew not only the carina or keel of the fhell, but 
more efpecially the exaét appearance of the triradiated /epturm 
neareft the mouth, and in what manner the aninial contrives. to- 
extrude itfelf through the apertere, the head and tal bemg. 
accommodated: to pafs through two of the parts of the inverted! 
Y¥ Q), while the dor/al. izament occupies the third. 

8. Theanimal’s excrement. 

vu’ 7. Horizontal feGtions of the fhell, m order to thew the 

- intern frudure, or the: appearance of the fepta, when ban 
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fhell is ground down or divided in that diretioh. Fig. 6. fliew- 
ing the fhell ground away in part, with its umbilicated fide 
uppermoft. Fig. 7. the fame more deeply and evenly ground, 
with the deprefled or more convex fide uppermoft. 


The jfecond thell I thall.take notice of has much of the 
fame external face with the preceding, and is nearly of the 
fame fize and colour, but materially differs from it in having 
an uninterrupted cavity from the mouth to the center; that is, 
no divided chambers ‘or compartments. This en evi- 
dently belongs to the genus of Helix. 

It is ftrongly umbilicated on one fide, and almoft —_ on 
the other, the central wreaths being nearly of equal height, or 
but flightly depreffed, and deftitute of that narrow border or 
fillet mentioned in the preceding fhell. It confifts moft com- 
monly of three volutions, convex on both fides, with an obtufely 
carinated margin, and femioval mouth. | 

It may ‘be named, 

Helix (fontana) tefta compreffa obtufé carinata, hinc um- 
. bilicata, anfra€tibus tribus utrinque convexis, apertura. 
femiovata. 
Fountain Helix. , 

The figures here given reprefent this fhell, on both fides, in 
#s natural and magnified ftate, fo that more words to defcribe: 
Ht are needlefs. 

Fig. r. (Tab. IL). The thell-of the natural fize, with the 
moft convex fide uppermoft. 

2; The fame, with the umbilicated fide uppermoft. 

3. The {hell magnified, the moft corivex fide uppermoft.. 

4. The fame magnified, the umbilicated fide uppermott. 


I do not find that it has been noticed by any author. 
It: 
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It was found in the bottom of a {pring of clear water, ad- 
hering to the under fide of rotten leaves, near Bull{trode, in 
Buckinghamfhire, in the month of April. It has alfo been 
found in fome other clear waters in the fame neighbourhood, 
but not common. 


A third fhell I have to mention is a very minute but curious 
Helix of a fubconical form, confifting of about five convex 
wreaths, gradually diminifhing towards the apex. The thell 
is umbilicated at the bafe, and the wreaths are tranfverfely fur- 
rounded with numerous fharp-edged tings, which are produced 
in the middle or back of each wreath into a kind of fpur, 
formed of comprefled and very tender fpines. The mouth is 
a fegment larger than a femicircle, but not round enough to 
conftitute the fhell a Zurbo, to which it is neverthelefs a 
allied. ‘The colour of the whole fhell is brown. 

It may be named, 

Helix ( Spinulofa) tefta fubconica cea anfraéibis 
§ convexis, annuls membranaceis acutis cin¢tis, .dorfo 
{pinulofo-carinatis, apertura.fuborbiculari. 

Tender prickly Helix. 

The figures here given reprefent this fhell in different pofi- 
tions, in its natural and magnified ftate. 

Fig. 1. 2..(Tab. Il.) The fhell, in different pofitions, of the 
natural fize. 

3. 4. 5. The fame magnified. 

I know no author who has hitherto noticed it. 

It was found.near Bullftrede, at the foot of pales, upon old 
bricks and ftones, after rainy weather, in June and July. 


A fourth 
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A fourth is a minute thell of the Taro kind. 

It ftrongly refembles the deprefled Helices; but its rue 
mouth forbids its being ranked in that genus. 

It confifts of four cylindric or reunded volutions, of apadly: 
equal height on one fide, but funk or umbilicated on the other. 
Thefe volutions are tran{verfely furrounded with numerous 
fharp-edged membranaceous rings, which are very fragile and 
deciduous. The mouth, when perfect, is bordered with a 
compreffed ereét margin. The colour of the fhell is uniformly 
brown. 

It may be named, 

Turbo (helicinus) tefta depreflo-plana, hinc umbilicata, 
anfractibus 4 torofis, annulis numérofis acutis membra- 
naceis cinctis. 

The fine-ringed Turbo. 

The figures herewith exhibit both fides of the fhell, in n its 
natural and magnified ftate. 

Fig. 1. 2..(Tab. III). The fhell, on both fides, of the natural 
fize. i | 

3 4. The fame, on both fides, magnified. 

No author, that I know of, has deferibed it. . 

It was found near Bullftrode, upon’. bare ftones, in the, 
{pring feafon, and at other times in moift weather. : 

The fifth and Jaf thell I. have. do mention, is-a-fmall thin: 
oblong compreffed Patella, of a horn colour, about a quarter. 
of an inch long, and one-tenth of an inch wide, having-a. 
pointed vertex neareft to the lower, end, turned downwards, 
and leaning to one fide. 

It may be called, 

Patella 
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Patella (oblonga) tefta integerrima oblonga comprefla 
membranacea, vertice mucrouato reflexo obliquo. 
Oblong frefh-water Patella. 

It is perfectly diftin& from the Patella lacuftris of Linnaeus 
both in fhape, and flexure of the vertex, as well as being defti- 
tute of radiated ftreaks. 

Fig. 1. 2. 3. and 4. (Tab. III.) The natural fize in different 
attitudes. | 

5. A thell magnified, with its vertex upward. 

6. Patella /ecufris Lin. fhewing the plan of the two different 
{pecies. 

It has efeaped the notice of all the authors I am acquainted 
with. ; 

‘It was found adhering to the leaves of the Iris Pfeudacorus 
in waters near Beaconsfield, in Buckinghamfhire, by Mr. 
Acnew, Gardener to the late Duchefs Dowager of Porr- 
LAND}; by-whofe fagacity all the preceding thells were difco- 
vered, and by whofe faithful pencil they were drawn. 


I have now done with defcribing the thells I intendeds but 
before I conclude, it may not be thought, perhaps, quite 
foreign to my prefent fubject, to remove, in fome degree, am 
error which has been almoft univerfally adopted by the dealers 
and collectors in hells, re{pecting certain fubjects, brought from 
Jamaica, and other parts of the Weft-Indies, commonly known 
by the name of Gold Shells. ‘They are yellow gloffy fub- 
ftances, of an obtufely conical figure, and fize of tares or vetch- 
feeds, compofed of feveral concave brittle umbricated {cales, 
clofely compacted, fo as to refemble the foliaceaus gem or bud of 
fome tree, and have generally a hole or perforation in fome 
part. Thefe are commonly fuppofed to be fells, or the 
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embryos of thells taken out of forne bag or ovary. Tt | 18 certain, 
however, that this is a miftake; for having collected a few of the 
larpeft and moft opaque of thefe Suppofed foells, and fuch a: as had 
no perforation to be found in them, I immerled them for a few 
minutés in hot water, and then carefully developing the {cales of 
which they were compofed, I found in the centre of all the largeft 
and moft perfect afmall infe&, enveloped in a mealy fubftance, 
about the fize of a {mall bed-bug, of a roundifh oval figure, 
dark brown colour, convex on the back, flightly concave be- 
neath, and in every inftance, except ome (out of at leaft fifty 
which I opened), all without wings. The body was compofed of 
about eight imbricated fegments.or rings; the head was very 
fhort, and almoft concealed under the margin of the thorax ; 
however, I plainly difcerned, in fome of the fpecimeris, that 
it was furnifhed with two fhort filiform antenne. The trunk 
had fix legs; the feet termmdted each with a fharp red claw. 
The body of the /gle fpectinei” which had wings was ob- 
long, and narrower than thé @ terous ones. ‘The wings 
appeared to be glued down’ to thé’ body, juft as in a bee or 
wafp, when it is almoft reatly to ¢&ferxe from the Pufa ftate. 
Whether they were two.or four Wings I am not abfolutely cer- 
tan; but they appeared to be of the filmy tran{parent kind, 
at leaft near the extremities ; for I clearly perceived the nerves 
asin the wings of a fly. From hence it evidently appears, 
that thefe Gold Shells are really no other than the cafés or cells 
of an infect in its Pupa ftate; and from confidering the form of 
its body, the difference of the fexes, the one being apterous, 
the other winged, I have no doubt but it is a fpecies of cochi- — 
neal or coceus, and probably one not hitherto defcribed by na- 
turalifts. The cafes do not effervefce with acids, therefore 
they are not of a fsefaceous nature. They feem to be a vege- 
Vor. LXXVI. Z | table 
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table fubftance of the refinous kind; for they bubble a little on 
being burnt on a hot iron, and when triturated diffolve flowly 
in a warm fpirituous menftruum to a fweet-fmelling vifcid mat- 
ter. But we muft wait for a better elucidation of the fubject 
from thofe who collect thefe fubftances.in their native place. 


I have the honour to be, with the utmoft refpe&, &c. 


JOHN LIGHTFOOT, 
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VIII. Obfervations on the Sulphur Wells at Harrogate, made in 
July and Auguft, 1785. By the Right Reverend Richard 
Lord Bifbop of Landaff, F. R. S. 


Read February 2, 1786. 


N 1733, when Door SHorr firft publifhed his Treatife on 
Mineral Waters, there were only three fulphur wells at 
Hirrogate; there are now four. I made fome inquiry refpecting 
the time and occafion of making the fourth well, and received 
the following account from an old man, who was himfelf 
principally concerned in the tranfaGtion. About forty years 
ago, a perfon who, by leafe from the Earl of Buryincron, 
had acquired a right of fearching for minerals in the foreft of 
Knarefborough, made a fhew as if he had a real intention of - 
digging for coal, on the very fpot where the three fulphur 
wells were fituated. This attempt alarmed the apprehenfions 
of the inn-keepers and others at Harrogate, who were inte- 
refted in the prefervation of the wells: they gave him what 
legal oppofition they could, and all the illegal that they durft. 
At length, for the fum of one hundred pounds, which they 
raifed amongft themfelves, the difpute was compromifed, and 
the defign real or pretended of digging for coal was abandoned. 
Sulphur water, however, had rifen up where he had begun to 
dig, “They inclofed the place witha little {tone edifice, and 
putting down a bafon, made a fourth well. By a claufe in 
the act of parliament for inclofing Knarefborough Foreft, paffed 
Z 2 in 
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in 1770, it is rendered unlawful for any perfon whatever to 
fink any pit, or dig any quarry or mine, whereby the medi- 
cinal fprings or waters at Harrogate may be damaged or pol- 
luted; fo that no attempts of the kind above-mentioned need 
‘be apprehended in future. 

This fourth well is that which is neareft to one of the barns 
of the Crown-Inn, being about ten yards diftant from it. In dig- 
ging, a few years fince, the foundation of that barn, they met 
with fulphur water in feveral places. At a very little diftance 
from the four wells there are two others of the fame kind; one 
in the yard of the Half-Moon-Inn, difcovered in, digging for 
common water in 1783, and another which breaks out on the 
fide of the rivulet below that Iun. On the banks of that rivulet 
I faw feveral other fulphureous {fprings : they are. eafily diftin-. 
guifhed by the blacknefs of the earth over which they flow. 

‘ On the declivity. of a hill, about a quarter of a mile to the-weft 
of the fulphur wells at Harrogate, there is a bog which has been 
formed by the rotting of wood: the earth of the rotten wood is 
in fome places four feet in thicknefs, and there is a ftratum confift- 
ing of clay, and {mall loofe decaying fand- -ftones,every where un- 
der it. The hill above i is of grit-ftone. In this bog there are four 
more fulphur wells ; one at the top, near the rails which feparate 
the bog from the ‘Common ; é and three at the bottom, though 
one of thefe, ftridly {peaking, is not in the bog but at the 
fide of it in the ftratum on which the bog i is fituated, and at 
the diftance of a yard or, two from a rivulet of freth water, 
| which runs from thence to Low Harrogate, paffing clofe to 
the fide but above the level of the fulphur wells of that. place. 
On the other fide of the hill, above the bog, and to the weft 
of i it, there is another fulphur well on the fide of a brook; and 
it has been thought that the wells both at Harrogate and in the . 

bog 
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hog: ave, fupplied from this well. In a low ground, between 
High Harrogate and Knarefborough, there is a fulphur well ; 
another to, the north of it in Bilton Park, at about the diftance 
ef a mile; and another to the fouth of it, ata lefs diftance, 
was difcovered this year in digging for common water by a 
perfon of the name of RicHarpson; and, laftly, there is 
another at a place called Hookftone Crag: none of thefe lait 
mentioned wells are above two miles diftant from High Harro- 
gate; and'by an accurate fearch a great many more might, 
probably, be difcovered in the neighbourhood. 

It is not unufual to dig within a few yards of any of. thefe- 
fulphur wells, and to meet with water which is not ful- 
phureous. I ordered a well to be dug in the fore-mentioned 
hog, fixteen yards to the fouth of the fulphur well which is 
near the rails, and to the fame depth with it; the water with 
which it was prefently filled was chalybeate, but in no’ degree 
-{ylphureous. I had another well dug, at about thirty yards 
diftance from the three fuphur wells which are fituated at the- 
lawer extremity of the bog; this well, by the declivity of the 
pround,, was -ten or twelve feet below their level, but its water 
wag not fulphureous, From.the firft well which I dug, it is- 
evident, that every part of the. bog does not yield fulphur. wa- 
ter; and from the fecond, which was funk into the clay, itis- 
Clear that every part of the ftratum on which the bog:is placed 
dogs not yield it, though one of the wells is fituated in it. 

The fulphur wells at Harrogate are a great many feet below’ 
the level of thofe in the bog; but .they communicate with ” 
them, if we may rely on what Doctor Suert has told us — ’ 
‘That about the beginning of this century, when the cone 
cqurfe of people was very great to the Spaw at Harrogate, one: 
RopegtT Wagp,. an.old.:man,..made a bafon in the clay under 

| the 
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the mofs of a bog where the ftrongeft and britkeft of thefe ful- 
phur fprings rife, and gathered half an hogfhead of water at 
atime for the ufe of the poor; but when he laded this he 
almoft dried the three fulphur wells at the village, whence it ts 
evident, that all have the fame origin and communicate with 
one another.” By converfing with fome of the oldeft and 
moft intelligent people at’ Harrogate, I could not find that they 
entertained any opinion of the water at the bog having a commu- 
nication with that at the fpaw. This circumftance might eafily 
be afcertained; and, if the fact fhould be contrary to what Doétor. 
SuorT fuppofed, the wells at the bog ought to be covered from 
the weather as thofe at the village are; they would by this- 
mean yield great plenty of water for the baths. which are 
wanted by invalids, and which are often very {cantily fup- 
plied by the wells at Harrogate, notwithftanding the attention 
which is ufed in preferving the water which fprings at the 
four wells, by emptying them as often as they become full 
during both the day and night time. And indeed it 1s fur- 
prifing, that the well on the fide of the rivulet below the 
Half-Moon-Inn, which is fo well fituated for the purpofe, has. 
never been inclofed for the furnifhing fulphureous water for 
the baths. ‘The prefent mode of carrying the water in cafks 
to the feveral houfes where the perfons lodge who want to 
bathe in it, is very troublefome, and the water thereby lofes of 
its virtue. Some of the wells about the village, that for in- 
ftance which has been difcovered at the Half-Moon-Inn, the 
water of which, I believe, {prings from a different fource from 
that which fupplies the four fulphur wells, fhould be either 
enlarged to a greater horizontal breadth, or funk to a greater 
depth, in order to try, by one or both of thefe ways, whether 
the quantity and ftrength of the water might not be increafed ; 
2 and 
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and if that fhould, ‘as 1t probably would be the cafe, ‘one or 
more baths might be erected after the manner of thofe at Bux- 
ton and other places; or, by proper additional buildings, warm 
bathing in fulphureous water might be pradtifed, as is done in: 
common: water in the bagnios in London. The faltnefs of the 
fulphureous water, if that fhould be thought ufeful, might 
eafily be made even greater than that of fea water, by adding a 
quarter of a pound of common falt to every gallon of the 
water ufed in forming a bath. The waters at Harrogate, 
though they have long been very beneficial, have not yet been. 
rendered fo ufeful to mankind, as an intelligent and enter-. 
pnfing perfon might makethem. The alternate {trata of fand, 
ftone, and fhale, which compofe the lower hills near the wells 
at Harrogate, dip very much, as may be feen ‘in a ftone quarry: 
about two hundred yards from the wells;.and the fame cir- 
cumftance may be obferved in dry. weather, in following the: 
bottom of the brook from the village up to the bog; and, 
hence, if there be a communication between the waters of the 
bog and of the village, as Doctor.SHorT afferts, it is probable, . 
that the fame ftratum of fhale which is feen at the bottom of. 
the wells at the village, breaks out again atthe bog above the 
village, and that the water finds its way from the bog to the: 
village through the crevices.of ‘that {tratum. 

After having obferved, as carefully as I could, the number: 
and fituation of the fulphur. wells about Harrogate, I took. 
hotice of the temperature of the four at the village. In the’ 
month of June, 1780, when the thermometer in the fhade was - 
72°, and the pump water at thé Granby-Inn, the well of which - 
s fifty feet deep, was 48°, the ftrongeft of the. fulphur wells, . 
being that of which invalids ufually drink, was 50°. On the- 
29th of July in this year, after the earth had been parched 

with. 
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with drought for many months, the heat of the ftrongeft well 
was 54°; the water of the Granby pump was on the fame day 
48°, and the heat of the air in the thade 76°. Doétor WALKER, 
who has lately written a treatife on Harrogate water, fays, that 
the heat of this {pring was 48°, when that of an adjoining 
rivulet was 53°. And I have little doubt in believing, that if 


~ the experiment was made in cold weather, the temperature of 


the fame well would be found to be feveral degrees below 48. 
This variation of temperature in the fulphur water indicates | 
its fpringing from no great depth below the furface of the 
earth; or at leaft it indicates its having run for a confiderable 
diftance in a channel fo near to the furface of the earth, as to 
participate of the changes of temperature, to which that is 
liable from the a@tion ef the fun. But the heat of the fulphar - 
water is not only variable in the fame well, at different times, 
but it is not the fame in all the wells at the fame time. If we 
call the ftrongeft well the firft, and reckon the reft in order, 
going to the right, the third well, which is reckoned the next’ 
ftrongeft, was 57° hot when the firft well was 54°. In fup- 
port-of the conje€ture that the fulphur water of the ftrongeft 
well would in a cold feafon make the thermometer fink below 
48°, which is the-conftant temperature of {prings fituated at a 
great depth in the earth in this country, it may be obferved, 
that though the firft and the third well are never frozen, yet 
the fecond and the fourth: well are frozen in fevere weather. 
When the fecond and: the fourth well are covered with ice, 
it is probable, that the firft and the third have a temperattre 
far below 48°; but that the fea falt, which is more abundant - 
in them than in the other two wells, and which of ail falts 
refifts moft powerfully the congelation of the water in which 
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it is diflolved, preferves them from being frozen in the coldeft 
feafons incident to our climate. 

As the temperature of thefe four wells is not the fame m 
all of them at the fame time, nor invariable in any of them, 
fo neither does there feem to be any uniformity or conftancy 
in them, with refpect to the quantity of fale which they con- 
tain. The falt with which they are all inipregnated is of the 
fame kind in all, and it is almoft wholly common falt; and 
though the quantity contained in a definite portion of any one 
of the wells is not, I think, precifely the fame at all feafons of 
the year, yet the limits within which it varies are not, I ap- 
prehend, very great. A method is mentioned in the LXth 
volume of the Philofophical Tranfactions, of eftimating the 
quantity of common falt diflolved in water, by taking the fj pe- 
cific gravity of the water: this method is not to be relied oni, 
when any confiderable portion of any other kind of fale is dif- 
folved along with the fea falts but it is accurate enough to 
pive a good notion of the quantity contained in the different 
wells at Harrogate. On the 13th of Auguft, after feverat 
days of rainy weather, I took the fpecific gravities of the four 
fulphur wells at the village, the drinking well being the firft.— 
Rain water 1.060; firft well 1.069; fecond well 1.0023 third 
well 1.007; fourth well 1.092. By comparing thefe fpecific gra- 
vities with the table which is given in the LXth volume of the 
Tranfactions, it may be gathered, that the water of the firft well 
contained ,', of its weight of common falt; that of the fecond 
and fourth, 2,3 and that of the third, .,. After four days 
more heavy sain I tried the {trongeft well again, and found its 
{pecific gravity to be 1.008. It is worthy of obfervation, that 
the water, as it {prings into the firft and third well, is quite 
tranfparent, but ufually of a pearl} colour in the fecond and 
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fourth, fimilar in appearance to the water of the firft or third 
well after it has been expofed a few hours to the air; hence it 
is probable, that the external air has actefs to the water of the 
fecond and fourth well before it fprings up into the bafon. A 
great many authors have publifhed accounts of the quantity of 
common falt contained in a gallon of the water of the ftrongeft 
well; they differ fomewhat from each other, fome making it 
more, others lefs, than two ounces. Thefe diverfities proceed 
either from the different care and {kill ufed in conduéting the 
experiment; or from a real difference in the quantity of falt 
with which the water is impregnated at different feafons of the 
year. The medium quantity of falt covtained in a gallon falls 
fhort of, I think, rather than exceeds two ounces. The fea 
water at Scarborough contains about twice as much falt as 1s 
found in the ftrongeft fulphur well at Harrogate. The fulphur 
wells at the bog are commonly faid to be fulphureous, but not 
faline. This, however, isa miftake; they conta falt, and 
- falt of the fame kind as the wells at the village. I could not 
diftinguith the kind of falt by the method in which I had eftr- 
mated the quantity contained in the fulphur wells; I therefore 
evaporated a gallon of the water of the well in the bog which 
is near the rails, and obtained a full ounce of common falt, of 
a brownith colour: the colour would have gone off by calcr- 
nation. In what degree the medicinal powers of Harrogate 
water depend on its fulphureous, and in what degree on its 
jaline tmpregnation, are queftions which I meddle not with: 
I would oaly juft obferve on this head, that any ftrong ful 
phureous water, fuch as that of Keddleftone in Derbyfhire, ot 
of Shap in Weftmoreland, which naturally contains httle or 
no fea falt, may be rendered fimilar to Harrogate water, by 
diffolving in it a proper proportion of eommon falt. Fhe four 
fulphur 
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fulphur wells at Harrogate are very near to each other: they 
might all be included within the circumference of a circle of 
{even or eight yards ir. diameter ; yet, .from what has been fail 
it is evident, that they have not all either the fame tempera- 
ture, or the fame quantity of faline impregnation. This 
diverfity of quality, in wells which have a proximity of fitua- 
tion, is no uncommon phenomenon ; and though at the firft 
view it feems to be {urprifing, yet it ceafes to be fo on reflexion > 
for the waters which feed wells fo circumftanced, may flow 
through ftrata of different qualities fituated at different depths, 
though in the fame direétion; or through ftrata placed both at 
different depths, and in different direétions; and that this i is. 
the cafe at Harrogate is probable enough, there being hills on, 
every fide of the hollow in which the village is placed. 

With refpect to the fulphureous impregnation of ‘thefe wae, 
ters, I made the following obfervations. 

The infide of the bafon, into. which the water ‘of’ the 
ftrongeft well rifes, is covered with a whitith pellicle, which, 
may be eafily. {craped off from the grit-ftone of which the. 
bafon is made. . I obferved, in the year 1780, that this pellicle 
on a hot iron burned with the flame and fmell of fulphur., I 
this year repeated the experiment with the fame fuccefs; the 
fubftance fhould be gently dried before it is put on the iron. 
I would further obferve, that the fulphur is but a {mall part 
of the fubftance which is f{craped off. That I might be certain 
of the poffibility of obtaining true palpable fulphur from what 
is {craped off from the bafon, ‘and at the fame time give fome 
guefs at the quantity of fulphur contained in it, I took three 
or four. ounces of it, and having wafhed it well, and dried it 
thoroughly by a gentle heat, I put two ounces,into a clean 
glafs retort, and fublimed from it about two or three grains ‘of 
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yellow fulphur. This fulphur, which ftuck to the neck of 
the retort, had an oily appearance; and the retort, when 
opened, had riot only the fmell of the’ volatile fulphureous: 
acid, which ufually accompanies the ‘fablimation of fulphur, 
but it had alfo the ftronp empyreumatic fniell wich pecu- 
liarly appertains to burnt oils; and it retained this fmell for 
feveral days. It has beén remarked before, that the falt fépa-" 
rable from the fulphur water was of a brownifh colour ; and’ 
others, who have analyfed this water, have met with a brown 
fubftance, which they knew not what to make of3-‘both 
which appearances may be attributed to the oil, the exiftence oF 
which was rendered fo manifeft.by the fublimation here men= 
tioned. I will ‘not trouble the Sociéty with any conjectures: 
concerning the origin of this oil, or the tedium of its com= 
bination with water ; the difcovery of it gave me fome pledfure, 
as it feemed to add,a degree of F probability to what I had {aid con- 
cerning the nature of the air with which, in one of my Che- 
mical Effays, I had fuppofed Harrogate water ‘to bé inrpreg- 
nated. I will again take the liberty of repeating the query‘ 
which I there propoted. “¢ Does this air, and the inflammable- 
air. feparable from fome metallic fubftances, confift of oleagitious 
particles 1 in an elaftic ftaté #”” When E ventured to conjecture, 
in the Effay alluded ‘to, that fulphureous waters received their 
imptegnation from air of a particular kind, F did not Know. 
that Profeflor BerGman had advanced the fame opinion, ‘and 
denominated that fpecies of air, Hepatic Air. I have fince. 
then feen his works, and very readily give up to him not only: 
the priority of the difcovery, but the merit of profecuting it. 
And though. what he has faid concerning tHe’ manner of preci- 
pitating fulphur from: thefe watérs can leave''no doubt in the 
mind. of any chemift concerning the actual exiftence of fulphur 


™ 
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wr therm ; yet I will proceed tothe mention of fome other ob- 
vious experiments om the Harrogate water, in fupport of the 
fame doctrine. | 

Knowing that, in the baths of Atx-la-Chapelle, fulphur is 
found fiicking'to the fides and top of the channel} in which. the 
falphureous + water is conveyed, I examined with great atten- 
re the fides of the little Aone building which. is ‘vaifed over 

hebafon of the ftrongeft well, and faw them in fome places 
. a yellowifh colour: this! thought proceeded from:a fisecies 
ef yellow mofs, conrmonly found:en grit-ftone : 1‘ collected, 
however, what F could of "by brothitig: the fides .of the 
building, at the -diftainoe ‘of three or fout feet.frorh the water 
in the bafon $’on putting what I had-bruthed off on a hot iron, 
I found that it confifted prineipally 'ef parti¢les: of grit-ftone, 
evidently however mixed with particlesof fubphur. @ 

Mach of the fulphureows'water'is wfpd for bathe at.Harro~ 
gites and ‘for that pisrpofe’ ‘al’: the. four ‘veelts are. frequently 
enptied ihte Mtge tubs edntaitiag ‘many ‘Balions apiece;. thefe 
conftantly fland’ at tHe! welley‘and the: catkd, in which’ the: 
water’ is cartied to the Yeverst houles, ‘are filled from. them. 
On examming' thé infides of ‘thefe tubs, found them covered, 
4s if painted, with. a whitith pelligka ¢¥feraped off:a part of 
this pellicle : it was rie, Fonger{oluble ny tater 3. but, beme put. 
on a hot iron, it appeared to confift almoft whiolip of fulphur. 
Some of' thefe tubs havé been in ufé rhamy, years, and: dhe .Ad-- 
keting cruft is thick 3 in propdrtion-to the time they have, Héen 
apptied'to the purpofe; but the fulphur pellicle; was fulficiantly 
ébfervable-on.orle which: was -tew' id ‘che’ beginning ‘of: this. 
feafon. ‘He water when it is-firft pot ined shefe tabsiis tranf-. 
Parent; wherr it hes been expafed to the ale‘for:a few hours, ‘[e 
becomes. miley y.and, where the quantity: id lange, a white- 

cloud: 
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cloud thay be feen flowly precipitating itfelf to the bottoms 
This white precipitate conffts partly, I am not certain that it 
confifts wholly, of fulphur; and the fulphur is as really con- 
tained iri the waters denominated dulphureous, as iron is con= 
‘tained in certain forts ef chalybeate waters; in the one cafe 
the iron is- rendered foluble in water by its being united to 
fixed air, or fome other: volatile principle; and in the other 
fulphur is rendered fqluble in water by its being united to fixed 
air, oc fome other volatile principle: neither,iron nor fulphur 
ate af :themfelves foluble in water, but each of them, being 
- seduced inta the.form of 4 falt 4y an union with fome other 
fubftances, becomes foluble in water, and remains diffolved 
in it, tuk ¢hat ather, fubftanee either efcapes into the airy or 
becomes-combined with fome other body. — 

About forty years ago, they, took up the bafon of the third 
well, amd a credible perfon, who .was himfelf prefent at the 
aperation, informed me, thet im all the crevices of the ftone 
en which the bafon srefted, there were layers of pure yellow 
fulphur. This I can well believe, for I ordered a piece of thale 
to be broken off froma the bottom of the fourth well; it was 
{plit, as fhale generally. is, into feveral ‘thin pieces, and was 
covered with a whit#h cruft. Being laid on a hot iron, in a 
dark room, it cracked very much, and exhibited a blue flame 
and fulphureeus fimell.. 

If the water happens to ftand a few days.in any of the 
wells, withaut being diftusbed, there.is found at the bottom a 
black fédiment ; this black fediment alfo marks the courfe of 
the water which flews from the well, and it may be efteemed 
charatterifisc of a dulphur water, The furface of the water 
alfo, when it is net: ftirred for fome time, 1s covered. with a 
imaain {cum. Doéter Syonr had long ago obferved, that 

both 
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both the black fediment, and the white {cum, gave clear indi- 
Cations, on a hot iron, of their containing fulphur: I know 
not whence it has come that his accuracy has been queftioned 
in this point; certain I am, that on the repetition of his expe= 
riments I found them true. The white fcum atfo, which is 
found fticking on the grafs over which the water flows, being 
gently dried, burns with the flame and {mell of fulphur. 
From what has been faid it 13 clear, that fulphur 1s found at 
Harrogate, fticking to the bafon into which the water fprings » 
fublimed upon the ftones which compofe the edifice furround- 
ing the well; adhering to the fides of the tubs in which the 
water ftands; fubfiding to the bottom of the channel in which 
the water runs; and covering the furface of the earth, and 
of the blades of grafs, over which it flows. It is unneceflary to 
add another word en this fubject 5 ; it remains that I rifk a con- 
jeCture or two, on the primary caufe of the fulphureous im- 
pregnation obfervable in thefe waters. 

In the Chemical Effay before referred to, I have fhewn, 
that the air feparable from the lead ore of Derbyfhire, or from 
Black-Jack, by folution in the acid of vitriol, impregnates com- 
mon water with the fulphureous {mell of Harrogate water ; 
and I have alfo fhewn that the bladder fucus or fea-wrack, by 
‘being calcined to a certain point, and put into water, not only 
gives the water a brackith tafte, but communicates to it, with- 
out injuring its tranfparency, the fmell, tafte, and other pro- 
perties of Harrogate water. Profeffor BERGMAN impregnated 
water with a fulphureous tafte and fmell, by means of air fepa- 
rated by the vitriolic acid from hepar fulphurts, made by fufion 
of — weights of fulphur and pot-afhes, and from a mafs 
made of three parts of iron’ filings melted with two of ful- 
phur; and he found alfo, that Black- Jack and native Siberian 


I iron 
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iron yielded hepatic gir, by folution in acids. This, I believe, 
gs the main ef what is.known by chemifts on this fubjeét s 
what I have to fuggeft, relative to the Harrogate waters it 
particular, may perhaps be of ude to futute inquirers, 

I have been told, that on breaking into aa old cqal-work, 10 
which a confiderable quantity of wood. had been left rotting 
for a long time, there sflued out a great quantity of water 
{melling like Harrogate water, and leaving, as that water does, 
a white fcum on the earth over which it pafled. On opening 
a well of common water, in which there was found a lag of 
sotten wood, an ebfervant phyfician aflured me, that he had 
perceived a ftrong and diftin@ {mall of Harrogate water. Dr 
DARWIN, in his ingenious Account of an artificial Spring of 
Water, pwblifhed in the firft part of the LXXVth volume of 
the Philofophical Tranfactions, mentions his having perceived 
a flight fulphureoys fmell and tafte in the water af a well 
which had been funk in qa black, joofe, mo:ft earth, which ap- 
peared to have beech very lately.a morafs, but which is now 
covered with houfes built upon piles. In the bog or morafs 
above-mentioned there is great. plenty of fulphoreous water, 
which feems to {pring from the earth of the rotten wood of 
which that bog confifts. Thefe facts are not fuffcient to make 
us certain, that rotten wood 1s efficacious in impregnating water. 
with a fulphureous {mell; becaufe there are many bogs in 
every part of the world, in which no fulphureous water has 
ever been difcovered. Nor, on the ether hand, are they to be 
rejected as of no ufe in the inquiry; becaufe waod, at a pare 
ticular period of its putrefaction, or when fituated at a particu- 
Jar depth, or when incumbent on a foil of a particular kind, 
may give an impregnation to water, which the fame wood, 
wader different circumftances, would not give, 
, - ‘The 
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The bilge water, ufually found at the bottom of fhips which 
are foul, is faid to fmell like Harrogate water: I at firft fup- 
pofed, that it had acquired this fmell in confequence of be- 
coming putrid in contact with the timber on which it refted, 
and this circumftance I confidered as a notable {upport to the 
conjecture I-had formed of rotten wood being, under certain 
circumftances, inftrumental in generating the fmell of Harro- 
pate water. But this notion is not well founded; for the bilge 
water 1g, I fuppofe, falt water; and Dr. SHORT fays, that fea 
water, which had been kept in a ftone bottle fix weeks * ftunk 
not much fhort of Harrogate fulphur water.” It has been 
semarked above, that calcined fea-wrack, which contains a 
great deal of fea falt, exhales an odour fimilar in all refpeéts to 
that.of ‘Harrogate water; and in confirmation of the truth of 
this remark, I-find that an author, quoted by Dr. Suorrt, fays, 
that “* Bay falt thrice.caleined, diffolved in water, gives exaCtly 
the odour of the -fulphur Well at Harrogate.’? From thefe 
experiments confidered together, it may, perhaps, be inferred, 
that common falt communicates a fulphureous fmell to water 
both -by putrefaction and calcination. Hence fome may think, 
that ‘there is fome probability in the fuppofition, that either 
aealcined ftratum of common falt, or a putrefcent {alt {pring, 
fay cqntribute to the production of the fulphureous {mell of 
Harrogate water ; .e{pecially as thefe waters are largely impreg- 
nated with common falt. However, as neither the falt in fea 
water, nor that of cal-ined f€a-wrack, nor calcined bay falt, 
are any of them abfolutely free from.the admixture of bodies 
containing the vitriolic acid, a doubt ftill remains, whether the 
fylphurequs exhalation, here {poken of, can be generated from 
fubftances in which the vitriolic acid does not exit. 

Vou LXV. Bb The 
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The hale from which alum is made, when it is firft dug-out 
of the earth, gives no impregnation to water; but by expofure 
to air and moifture its principles are loofened, rt fhivers into 
pieces, and finally moulders into a kind of clay, which has an 
aluminous tafte. Alum is an earthy falt refulting from an 
union of the acid of fulphur with pure clay; and hence we 
are fure, that fhale, when decompofed by the air, contains the 
acid of fulphur; and from its oily black appearance, and effpe~ 
cially from its being inflammable, we are equally certain that tt 
contains phlogifton, the other conftituent part of fulphur. 
And indeed pyritous fubftanees, or combinations of fulphur 
and iron, enter into the compofition of many, probably of all 
forts of fhale, though the particles of the pyrites may not be 
large enough to be fee im fome of them; and if this be ade 
mitted, then we need be at no lofs to account for the bits of ful- 
phur, which are fublimed to the top of the heaps of fthale, 
when they calcine large quantities of it for the purpefe of 
making alum: nor need we have any difficulty in. admitting,. 
that a phlogiftic vapour muft be difcharged from fhale, when 
it is decompofed by the ay. Dr. SHort fays, that he burned. 
a piece of aluminous fhale for half an heur in an open fire; 
he then powdered and infufed it m common water, and the 
water fent forth a moft intolerable fulphureous {mell, the very 
fame with Harrogate water. He burned feveral: other pieces 
of fhale, but none of them ftunk fo ftrong as the firft. This 
difference may be attributed, either to the different qua~ 
hities of the different pieces of fhale which he tried, or 
to the calcination of the firft being pufhed to a eertain 
definite degree; for the combination of the principles on 
which the fmell depends may be produced by one degree 
of heat, and deftroyed by another. I have mentioned, 
| : briefly, 
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briefly, thefe properties of fhale, becaufe there is a ftratum of 
fhale extended over all the country in the neighbourhood of 
Harrogate ; feveral beds. of it may be feen in the ftone quarry 
above the fulphur wells; many of the brooks about Harrogate 
run upon fhale, and the fulphur wells {pring out of it. They 
have bored to the depth of twenty yards into this fhale, in 
different places, in fearch of coal, but have never penetrated ‘ 
through it. Its hardnefs is not the fame at all depths. Some 
of it will {trike fire, as a pyrites does, with {teel; and other 
beds of it are foft, as if in a ftate of decompofition, and the 
fulphur water is thought to rife out of that fhale which is in 
the fofteft ftate. But whatever impregnation fhale when cal- 
cined, or otherwife decompofed to a particular degree, may 
give tothe water which paffes over it, it muft not be concluded, 
that fhale in general’ gives water a {ulphurepus impregnation ; 
fince there are many fprings, in various parts of England, arifing 
out of fhale, in which no fuch impregnation ig obferved. 

I forgot to mention, in its proper place, that having vifited 
the bog, fo often fpoken of, after along feries of very dry wea- 
ther, I found its furface,. where there-was no grafs, quite can- 
died over with a yellowifh cruft, of tolerable confiftency, 
which had a ftrong aluminous tafte, and the fmell of honey. 
BerGMAN {peaks of a turf found at Helfingberg in Scania, 
confifting of the roots of vegetables, which was often covered 
with a pyritous cuticle, which, when elixated, yielded alum ; 
and I make no doubt, that the Harrogate morafs is of the fame 
kind, 

Whether nature ufes any of the methods which I have men- 
tioned of producing the air by which fulphureous waters are 
impregnated, may be much queftioned; it is of ufe, however, 
to record the experiments by which her produétions may be 

Bb2 imitated ; 
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imitated; for though tHe line of human underftanding will 
never fathom the depths of divine wifdom, difplayed in the 
formation of this little globe which we imhabit; yet the im- 
pulfe of attempting an imveftigation of the works of God is 
irrefiftible; and every phyfical truth which we difcover, every 
little approach which we make towards a comprehenfion of the 
. mode of his operation, gives to a mind of any piety the moft 
pure and fublime fatisfaétion. 
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IX. Obfervations and Remarks om thofe Stars which the Afronc~ 

mers of the laf Century fufpected to be changeable. By Edward 
Pigott, E/g..3 communicated by Sir sa C. PALea, 
ae laa _ 


7 « Read Febnar a se 


T 1s about. chesioey — Hevexivi, Sidiaiadat Fame 
* steep, MARALDI, and Cassini, notited a.certain:namber: 
of flars which they fuppofed had either difappeared, changed 
in brightnefs, or-were new ones ; and yet to this: day -we~hava 
acquired no fartlier knowledge of them. This rhay be attri-: . 
buted to thé difficulty of finding out what ftar is meant, and: 
the not having exact obfervations of their relative brightnefs. 
I therefore have drawn up the followmg catalogue, and made 
the neceflary obfervations; fo that in future we can.exarbine 
them without much trouble, and be certain of any change 
that may take place. To accomplith this, it was requifite to 
compare with attention many authors and moft of the cata- 
logues of ftars; in doing which I have perceived feveral un- 
doubted errors, and others highly probable; but as entering’ 
into a difcuffion of fuch difagreements would fwell this account 
confiderably, and make it very intricate, I fhall avoid, as much 
as poffible, any thing of the kind that is not immediately 
neceflary. 
In order to feparate certainty from doubt, I have claffed thefe- 
flars in. two divifions; the firft are undoubtedly changeable ;. 
the 
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the others remain yet to be better authenticated. ‘Though fome 
of them bear all the appearance of being variable, ftill no cer- 
tainty of their being fo has come to my knowledge. To thofe 
of the firft clafs are fubjoined obfervations made on them 
within thefe laft four years, from which the period and pro- 
greflive changes of fome are deduced, though never fettled 
before, and if already known are more exa@tly determined by 
comparing my obfervations with former ones. Alfo, as the 
pofition of feveral are determined only by ancient aftronomers, 
and therefore inaccurately, I have obferved them with great 
exactnefs, the declinations being taken with a Brrp’s eighteen- 
inch quadrant, and the right afcenfiens with a three-feet tranfit | 
inftrument: thefe laft may ferve in future to difcover their 
proper motions in right afcenfion, for which reafon I thall 
{pecify the ftars to which they were compared. The ftars of 
the fecond clafs have either their relative brightnefs exadly 
fettled, or their non-exiftence afcertained. I have alfo pointed 
out the probability of a miftake in feveral, and in general 
given an account of the appearance they have had within thefe 
féw years. 


Catalogue 
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Catalogue of variable Stars, reduced to the beginning of 1786. 






















Clafs the firft. 
; Greateft 
Names. R. A. in clination. | and leat | *t0™m whence re- 
time. magnitudes duced, 
4 of a 

pow 1572, i0 iy 13 co-(oz 58 + NUr — igenrarsha, 
eCetti . - 2 6 $2 8 33 2 — O |Bravter. 
Algol . - « | 2 54 19 2 — 4 |Maver. 
Mayer’s 420th in Leof 9 36 § 6 — oO |Mayer. 
In Hydra. ww «83:18 =344)22 9 38 S} 4 — O [From my obfervat, 
Nova 1604 in ) 2 _ ; 
pean 17 18 co—mr 20 § SI oO |Phil. Tr. N° 346. 


3 —4.-§|Brantey. 

3 — © |Phil. Tr. N° 65. 
28 14Ni3-4— § {La CarLuez. 

32 22 s8N) 5 — © [From my obfervat, 
© 9 54 |37 22 37Ni 3 — 0 jFrom my obfervat. 
22 21 00 167 20 CON. 3=—4. S[FLAmsrzxp. 


g Lyre e e e e 
Near the Swan’s head 
aAntinoi . « e 
In the Swan’s neck 
In the Swan’s breaft 
eCepnci 2 ew 


Clafs the fecond. 
Havarros’s 6 Caffiope 23 16 7 — O |Heverivs. 
46 or  Andromedz 9 46 05—5.6/Framsrezp. 
40 or » Andromede } 1 24 16 o5—~ O |Framstzzp, 
Heverius’s41 Androm, 1 28 40 § — - |Heve rvs. 
T¥cuHo’s 20th Ceti B39 - § - Oo [TrcxHo. 
Ssor Neb. Andromedz} z 40 30 6 — . |Framsregp. 
ec ee } 242. 4 — © |Ut, Burcu. 
4. Tauri eo «© « | 3 53 27 5 — © |FramstTezp. 
47 Eridani . - . [4 23 54 4 — O/Framstezp, 
Near 53d Eridani . | 4 29 00 4 — © [By eftimation. 
y Canis Majoris. 654 § 3 — O {[LaCamre, 
BGeminorum . « | 7 32 114/28 31 38Ni nr — 3 MASKELYNE, 
ELeonis 2. © «© « | 9 20 24 4- MarEx. 
Yleonis . . + 19 32 3 114 59 3ONI5.6— © |Marzn. 
asthLeonis . +« | 9 46 8 {12 20 36NI6.7— © |FramerssD 
Barza’siLeonis . | 9 52 4% |[8§ 30 - Ni 6 — oO |Trcno. 
?Usie Majoris . « [2 445 33 24Nj) 2 = 4 ja Cale. 


3 Clafs 


















I thall ERS to -give a fhort account of thefe ftars, 


and begin with thofe of the firft clafs. 
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Clafs the fecond continued. 
= Greateft 
Names, a ‘1 [Deolinatian. | and leaf From whence re 
ime. duced. 
magnitudes, 
h, 4.440 i be 

nVirginis . .° 12 7 43 |00 24 16N| 6 O |{Maver, 
Baver’s *# veargm | 12 53 00 {10 00 . S| 6-0 |From maps. 
InN. thigh of Virgo 13.29 + 00°30 . S{ 6-0 {From maps. 
gi Virgins . « « | 13 48 49]:2 § SON} 6-0 |FramsreEp. 
@ Draconis -. .« « | .13:58 36 |@5 24 8Ni 2-4 |Braptey. . 
In weft fcales ot Libra |} 14 53 4$|13 26 . S|} 6-0 aera 
ToL.andU..Beren’s |} - 
oth unformed in’ Lira J 5 205 te /20130- 0 Sp ad UEP PRICES 
x Libre . 35 29 39 |t9 58 27 S|} 4g4—. [LaCarrre. 
Tycwo’s 1tth: Libre 16 37 $119 30 . S}- 4-0 |Tycuo. 
33Serpentis . . | 15 38 CO j17 14 CON| 6-0 jFLAmsrTEED. 
Nears Urfe Minoris | 16 % . [82 2 . N{| 6—o0 [Ftom maps, 
Prox. 14 Ophiuchi 17 2 14 |26 ¥5 37 S|} 4-+0 ‘[BRADLEY. 

' Prox. 13 Ophiuchi 17 18 + (20 35 . S|. 4-0° {Pror. 
Pro. 18 Ophiucha 197-22 24 10... S| 5§s—+o [Prot, 
oSagittarti . . « |{-18 42 00 |26 32 34 S} 2-4 |Mavyer. 

@ Serpentis -. . . 118 45 35 | 3 §6 26N} 45° |LaCartte. 
Tycuo’s27th Capricor.} 21 41 . |14 28 . S|} 6—o0 |Tyrcno. 
Tycuo’s 22d Androm, | 21 4g £149 15 » NJ 4-0 |Tycuo, 
Tycuo’s 1g Aquarii 2225 +» |1§ 55 - 6—o0 |Tycuo. 
oAndromede . .. [22 52 6 (41 19 45Ni 4-6 |LaCartre. 
La CatiLre’s 483) 3 s LaC 
Zodi, Cat. : 22°58 40 | 8 $0 45 eae acacia aia ona 


‘The famous ‘Nova of 1572 in C-affiopea. 


Seyeral aftronomers are of opinion, that {t has a periodical 
return, which Krriz and others have conjectured to happen 
every I 50 years. © This is alfo-my opinion 3 and I cannot think 
ats not being Aoticed:at the completion of every térm a mate- 
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rial objection, fince perhaps, as with moft of the variables, it 
may at different periods have different degrees of luftre, fo as 
fometimes to increafe only to the ninth magnitude; and if this 
be the cafe, its period is probably much fhorter. This induced 
me, in September 1782, to take a plan of the fmalleft ftars 
near its place, and which I have examined often fince, but 
found no alteration. 


, o Ceti. 

Since the end of 1782 I have obferved very exactly the de- 
creafe of brightnefs of this ftar; but never have feen it of 
above the 6th magnitude. OG. 29, 1782, it was of the 7th 
magnitude, and gradually decreafed till Dec. 30, it being then 
of the 8 . oth magnitude. 

4783, Feb. 16, certainly lefs than the gth magnitude. 

1783, Auguft 25, of the 6th magnitude, and gradually de- 
creafed until Dec. 14, being then of the roth magnitude, and 
equal to the little ftar clofe to it. 

1784, Jan. 11, L thought it by intervals ftill lefs tied the 
fame little ftar. 

1784, Sept. 12, it was of the 7 . 8th magnitude, and gra- 
dually decreafed until Dec. 9, and then was of the gth mag- 
nitude, and rather brighter than the little ftar. 

As a matter of curiofity, I have deduced its period from the 
times when it was equal toa certain flar in the courfe of its 
decreafe; the refults were 320—337 and 328 days; but M. 
Cassini determined its mean period with greater exaétnefs to 
be 334 days. Mr. Goopricke faw it Aug. 9, 1782, of the 
ad magnitude, rather brighter than a and lefs than @ Ceti. 
Sept. 5, it was of the gd magnitude, being equal to y Ceti. 


Von. LXXVI. Ce Algol. 
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Algol. 


The period of Algol, difcovered by Mr. Goopricker, gave 
us fome new light into the nature of the fixed ftars. Though 
the phenomena feem to attract the attention of moft aftrono- 
mers, {till there are fome points which require further invefti- 
gation. Its degree of brightnefs, when at its minimum, is 
different in different periods; and alfo, I think, when at its 
full, t is fometimes brighter than a Perfet, and at other times 
lefs. Whether thefe differences return regularly after a certain 
number of periods remains yet to be examined. My laft obfer- 
vations, when it was at the middle of its minimum, are, 


h. , 7 | 
3785, July 8, at 11 50 undoubtedly lefs than ¢ Perfei. 
—— July 31, at g 50 equal tog Perfei. 
a remarkable obfervation ; father lefs than‘3 Perfer 5 . 
evidently brighter than ¢5 ‘nearly of the 3d‘ mag, 


s 
-o 8 re 


ma Sept. 22, af 30 45 { 





Maysr’s N° 420, lately difcovered to be variable by M. Koew. 


A few years before 1782, M. Kocu faw the N° 420 un- 
doubtedly lefs than tlie N° 419 of Mayer’s Catalogue. _ 

In February 1782, he found them both exactly of the fame 
brightnefs, therefore of the 7th magnitude. : 

From an extract of a letter I have lately feen, the variable 
was of the gth magnitude in April, 1783, and of the i: in 
April, 1784. | 

I have often feen the N° 419, but never the vartablé, thouigh 
I have frequently looked for it with a night-glafs, and on the 
4th of April, 1785, in a 3-feet achromatic tranfit inftryment.° 


e? Pa | 


Variable 
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Variable in Hydra. 


MARALDI, in 1704, having found that this ftar had a pe- 
riodical variation, continued to examine it for feveral years, 
and concluded its period to be about two years, though with - 
confiderable variations; in which he was much miftaken, as 
will appear from the following refults, which fhew that its 
period in all me 1s tolerably regular, and only of 494 
days. 


Dates when it was at the middle of its greateft brightnefs, 
eftimated from MARALDI’s obfervations. 


1704, March 14, he faw it nearly of the fame magnitude 
from the beginning of March until the 
beginning of April; it then decreafed.. 

‘1905, » « + he faw it very faint in November, 1705, 
and found it decreafing : this obfervation 
is too imperfect. : 

1708, May 22, accurately determined; its increafe and de- 
creafe being well obferved. 

1709, Nov. 10, :: doubtful, its decreafe only bemg obferved. 

1712, May 1, :: ditto, ditto, ditto. 

1784, Jan. 26, by me, very accurately, its increafe and 

ie decreafe being obferved. See the Obfer- 
vations that conclude this paper. 

1785, May 2%, ditto, | _—_ ditto, - ditto. 


The four greateft intervals of Maratp1’s Obfervations give . 
for fingle periods in days thus. 495—517—-480 and 510, the 
mean being 500%, which is tolerably exact confidering how 

Cc2 doubtful 


% 
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doubtful the obfervations of 1709 and 1712 are. My two 
make it 487 days; but as the interval is only a fingle period, 
it may err 10 days; I therefore fhall take a mean between the 
refults, which is 494, and proceed on to the following compa- 
rifons of MARALD1’s two beft obfervations with mine. 

1708, May 22, 


1784, Jan. 26} interval of 56 periods, each of 493% days. 


1708, May 22,). So : 
1785, May ial apterya! of 57 periods, each of 493 days. 


1704, Mar. 14,) . ; 
1784, Jan. ed interval of 59 periods, each of 494% days. 
1704, Mar. 14, 


1785s May 27, interval of 60 periods, each of 494% days. 


A fingle period, on a mean, 494 days, 





If MARAtp1’s obfervations of 1704 and 1708 are exact to © 
a month, and there is no reafon to believe otherwife, the pe- 
riod at that time feems to have been a few days longer than it 
is at prefent, and therefore the one here deduced may be 
efteemed as the mean period. 


Particulars of the changes it undergoes. 


. When at its full brightnefs it is of the 4th magnitude, 

wa his no perceptible change for about a fortnight. 

2. It is about fix months in increafing from the roth magni- 
tude, and returning to the fame. 

3» Therefore it may be confidered as invifible alfo during fix 
months. - 

4. It is confiderably quicker in increafing than in decreafing, 

perhaps by half. 

| Though 
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Though when.at its full it may always be ftiled of the 4th 
magnitude, it does not conftantly attain exactly the fame de- 
gree of brightnefs, but the peters are very fmall, as 
fhewn below. 


1704, brighter than y. 1784 gems than }, being seaele 
9 


between‘) and y Hydre. 
1785, rather brighter than ¥. 





1708, brighter than J. 
Its mean right afcerifion,. computed from my obfervations, 
and reduced to Jan. 1, '1784, is 


o U8 bane , 
199 29 30 ges 4 obfervations, domipared to & my, made between March. 
and May 1784. 
199 29 21 from 2 ditto, compared to Mayer's 538, made in May, 1784.: 
199.29 20 froms ditto,compared toy Hydrz,made between March and May,1784. 


re eee 


199.29 24 — mean right afcenfion:for Jan: 1, 1784, on a mean, 





Hevexius’s 30th Hydra as the above ftar ;.he marks it of - 
the 6th magnitude ; .I find it in no other Catalogue. 





The famous Nova of 1604, in Serpentarius. - 

A full account of this ftar is given by KepLer, and it feems 
to-have had a -fimilar appearance to the Nova in Caffiopea ; 
therefore the reflections delivered there need not be again re-- 
peated. In July, 1782; J took a plan of the fmalleft ftars -_ 
near‘its place, which was-examined every year fince; but: no» 
alteration was perceived. . 


GB Lyre. 
Mr. Goopricxe difcovered the variation and period of this - 


ftar, and hopes {oon to fettle its different phafés with" more. 
exactnefs ; 
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exactnefs; I fhall therefore not enter into any detail, being 
certain it cannot be in better hands. In his laft account he 
mentions having firft fufpeéted the period to be only of fix days 
nine hours; fuch has always been my opinion, and which ma- 
terial point will probably be more fatisfactorily determined in 
his next publication. — 


Nova near the Swan’s Head of 1670. 


This ftar was firft feen in December 1669 by Don An- 
THELME; it foon became of the 3d magnitude, and difappeared 
in 1672, after having undergone feveral variations. I have 
conftantly looked for it fince November, 1781, without fuc- 
cefs; had it increafed to only the roth or 11th magnitude, I 
fhould have perceived it, having taken an exact plan of all the 
furrounding ftars. 





-4-Antinol, ‘ 


"The variation and period of this ftar I difcovered laft year, 
and had the honour of commaunicating an account of it to the 
Society : as at prefent a long interval is elapfed fince my firft 
obfervations, and that lately I have noted fame of its phafes, 
with exactnefs, I fhall compare them to thofe obferved in 
1784, which of courfe will give refults. more fatisfactory. 
The period, as fettled in my former paper, is 7d. 4h. 38’ 
but for reafons there alledged, it muft be much lefs precife 
than the following. 


8 9 ] 8, t h. ® @ 2 
A785 hd 6, - - {es when 9 Antinoi was between 


Sept. 27, at 22 its leaft and greateft brigntnefs. 
Thefe 
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Thefe being compared to fimilar obfervations of Sept. 12 
and 19, 1784, make the length of a fingle period thus : 


D. H. M. 
7 4 12 
7 4 19 
7 4 17 
7 4 22 
74 7 
7 4 12 





7 4 ‘15 ona mean, 


¥ fee no reafon to alter materially the other points; but be- 
lieve them more exact thus : 
40 hours at its greateft brightnefs, 
66 ——— in decreafing. 
30 meme at its leaft. 
36 ——~' ih ineréafirigi*: 


It alfo, in every period, feems to attain thie dive! degree of 
brighitnefs wheii at its full, anid’ to Be equally decre aft d ; 





‘Variable in ne Swan’s Neck. 

During thefe three years E have obferved this flar sich par- 
ticular attention, ‘as may bé feen by the obfervatiosts that con- 
clade this Paper, and determined the middle time of § its gteatett. 
biightnefs very exaétly, thus: , 

1783, July 9, of the 6. “ath magiitude, | 
1784, Aug. 4, of the 5. 6th 
3785, Sept. 1, of the 6th ays 


D . 
' 
: 
™ ° 





The 
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The fecond of thefe, being compared to that of Nov. 20, 
1687, made by Kircu, gives 406 days exactly for one period, 
the interval between them being 35322 days, and divided by 
87 periods. I make the divifor 87, in order to get a refult 
neareft to that fettled by Maraxtpr and Cassini of 405, and 
by M. ve GenTIL of 405,3 days. We cannot fuppofe that 
thefe great aftronomers have made any miftake; and on the 
other hand, it feems hardly poffible, that the mean of my 
obfervations alone, which makes the period 392 days, can 
err 143 but perhaps its period is irregular; to determine which 
feveral intervals of 1§ years ought to be taken, and I am 
much inclined to believe, that it will be found of only .396 
_ days 21 hours. 


mn 


Particulars of the changes it undergoes. 


1, When at its full brightnefs it has no perceptible change 
for about a fortnight. 

2. It is about 34 months in increafiag from the rith mag- 
nitude to its full brightnefs, and the fame in decreafing. 

3- Therefore it may .be confidered as invilible during fix 
se | 
- It does not attain the tein Seacites of brightnefs at every 


ry being fometimes of the sth, and other times of the 


7th magnitude. 


‘Tts mean right afcenfion, computed from my cbfervations | 


and reduced to Aug. 1, I 783; is 


4 295 
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%o8 33 46 from 2 obferv. compared to y Cygni, made in July and Auguf, 178 3. 
295 33 45 from 2ditte, compared to y Lyre, ditto. 

295 33 45 from 1 ditto, compared to 2 Lyra, made in Auguft, 1783. 

295 33 55 from 3 ditto, compared to @ Lyre, made in July and Augut, 1783, 
295 33 §2 from 2 ditto, compared to 8 Cygni, made in Auguf 1783. 





295 33 484 mean right afcention for Auguft 1, 1783, on a mean, 





Variable in the Swan’s Breaft. 


This ftar was firft feen by G. Jansonrus in 1600, and 
afterwards frequently obferved by different aftronomers, but 
with intervals of ten or more years, which is probably the 
reafon why no regularity in its changes has yet been deduced. 
I have examined minutely the obfervations made in the laft 
century, and fhall venture to give the following refults. 

x. Continues at its full brightnefs for about five years, 

2. Decreafes rapidly during two years. 

3- Invifible to the naked eye for four years. 

4. Increafes flowly during feven years. | 
. 5. All thefe changes, or its period, are completed in 18 
years. | . 

6. It was at its minintam at the end of the year 1663. 

‘ It does not always imcreafe to the fame degree of brightnets, 
being fometimes of the gd, and at other times only of the 6th 
magnitude. I am intirely ignorant whether it is fubje& to the 
fame changes fince this century, having not met with any feries 
of obfervations on it; but if the above conjecturts are exact, it 
will be at its minimum in a very few years. Since November, 
1781, I have conftantly feen it of the 6th magnitude, being 
rather lefs than. N° 28, 29, and m, and rather brighter than 

Vor. LXXVI Dd 36 


~ 
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36 and 40 Cygni. Sometimes I fufpet it has rather decreafed 
within thefe two laft years, though in a very {mall degree. 

Its mean right afcenfion, computed from my obfervations, 
and reduced to Sept. 1, 1782, is 
302 26 43 from 3 obfervations, compared to y Cygni, made in Otober, 1781. 
302 26 46 from 3 ditto, compared to y Cygni, made in Auguft, 1782. 
302 26 52 from 1 ditto, compared to 8 Aquilz, made ditto, 
302 26 46 from 1 ditto, compared to Cygni, made ditto, 
302 26 39 from 1 ditto, comparcd to ? Andromedz, made in O&ober 1781. 





302 26 45 mean right afcenfion for Sept. 1, 1782, on a mean, 


Qe 


FriamsTeep has this ftar in his Catalogue; but, I believe, 
obferved it only once. 








3-Cephei. 

This is the laft variable ftar difcovered, and again by Ms. 
GooprickeE. Its changes are very difficult to be feen, unlefs. 
examined when at its minimum and full brightnefs. I have 
lately made fome good obfervations on it thus: 


1785, Aug. 30, at 14h. lefs than « Cephet. 
3t, at. oh. equal if not brighter than & Cephe1. 
Sept. 15, at 12 h. lefs than ¢ Cephei. 
¥6, at 8h. between's and @ Cephei. 
— at rrh. increafed, but not as bright as Z. 
17, at 18h. rather brighter than Z. 
26, at r1%h. equal or kefs than «. 
27, at 8 h. evidently brighter than Z. 


Therefore it was between its leaft and greateft brightnefs 
Auguft 31, at noon, and Sept. 26, at 21 h.: thefe being com- 
pared to my firft obfervations, when alfo between its leaft and 
greateft brightnefs on Nov. 20, at 3 h. and Nov. 30, at 15 h. 

1784, 
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x 784, give the following refults, the mean of which cogrobo- 
rates that deduced by Mr. Goopricxe of 5d, 8h. 3774. 


DH. M. 
5 8 35 
§ 8 4 
5 8& 33 
5 8 39 
5 8 37 ona mean. 


Length of a fingle period 


¢Cephei concludes the ftars of the firft clafs; thofe that 
follow are of the fecond. 


Heve ivs’s 6th Caffiopez. | 
In 1782 I firft perceived that this ftar was miffing; nor 
could I find it in 1783 and 1784. 





46th or  Andromedz. 


This ftar is faid to have diminifhed in brightnefs. In 1784 
and 1785 I found -it, by very exact obfervations, lefs than u, 
equal to w*, and brighter than d and y; yet I muft mention 
that it is marked in my journal as being fometimes brighter, 
and at other times lefsthan w*; but ftill Iam not convinced, 
that it varies in brightnefs. FLAmsTRED, in his Catalogue, 
annexes no charaéter to his 46th Andromedz; but in vol. II. 
of his Hift. Coeleft. p. 135. and 138. he marks it &. 


* J fufped an error in this charaGer, but cannot be certain. H. E. 





Ddz FLAM- 


eg gg 
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FLAMSFEED’s 50, 52, + Andromedz, and Heveivs’s 4t 
Andromedz. 

As the pofition and characters of thefe ftars differ confidera- 
bly in different Catalogues, and that fome of them are men~ 
tioned by Cassinr to have difappeared and re-appeared, I fhall 
sive their brightnefs as obferved in 1783, 1784, and 1785. 
FLAMSTEED’s 50th of the 4. 5th magnitude, and equal, if 

not rather. lefs than @ Andromedz. 
W—— 7 of the 5th magnitude, and equal to 46 
and 48 Andromedz. 


| | the 5 . 6th magmitude, and are of the 





ch fame brightnefs. 


HEVELIuss 4! 

A ftar between FLamsrekn’s 52 and HEVeLtus’s 41 is of 
the 6th magnitude, or rather Jefs. I could not fee Tycuo’s 
I gth Andromeda; but I take this. ftar to.be the fame as. Heve- 
Lius’s 41 Andromedz2. 


Tycuo’s 20th Ceti. 


This muft be the ftar which Hevetuws faid had difappearéd, 
being T’ycHo’s fecond in the Whale’s belly. There can hardly- 
be any doubt but that it is the y, mifplaced by Tycuo. This. 
xis of the 4. 5th magnitude, and. of the fame brightnefs as. 


- the three Aquaril 


FLAMSTEED’s 5 5th Andromedze, marked Neb. in his Catalague.. 


It is. mentioned in the lateft Catalogues of Nebulz. that - 
this nebula could not be found. Framstresp, who, I believe, 
L only 
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only obferved it once, viz. O&. 17, 1691, does not mark it 
nebulous; nor does it appear to me fuch, but as a ftar of the 
6th magnitude. There are a few fmall ftars near it, which 
to the naked eye, when the air is very clear, make it appear 
nebulous, which probably is the reafon why FLamssEep. 
marked it thus in his Catalogue. 





¢ or Prot. and Ux. Beren’s 17th Eridani, 


FLAMSTEED fays, he could not fee this ftar in 1691 and: 
1692. In 1782, 1783, and 1784, I obferved one of the 7th 
magnitude in that place; the relative brightnefs of which ap- 
peared always the fame,, vi. lefs than two little ftars near and. 
belaw y Eridani.. 





. FLAmMsreep’s 41 Tauri. 

This ftar was. thought by Cassinzx to be a new one or- 
variable. I fee little or no reafon to be of that opinion ;. that 
is not new is evident, fince it is Us. BerGu’s 26th: and. 
TycHo’s 43d. In 1784 and 1785 I found it of the 5th mag- 
aitude,. being equal to.9, and brighter. than.p, P, and x Tauri. 


Star about 2°3 North of 53d Eridani, and’ 47:°Eridani. 
The firft of thefe ftars. Cassina thought a new one, and: 
that it was not vifible in 1664. In 1784. I found it was lefs. 
than #, and d, brighter than A, and feemed equal to } Eridani. 
CAssINI mentions another ftar thereabouts, which he alfo: 
efteemed a new one: this is probably FLAMsTEED’s 47th.. In: 

1784 it appeared rather lefs than 46th. Fs 
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y Canis Majoris. 


Maracpi could not fee this ftar in 16703 but in 1692 and 
1693 it appeared of the fourth magnitude. I have very fre- 
quently noticed it fince 1782, but perceived not the leaft varia- 
tion, being conftantly of the 4th magnitude, very little 
brighter than 6, and decidedly brighter than « 





a B Geminorum. 
| 
¥f either of thefe ftars have changed in brightnefs, it is 


probably the 2. In 1783, 1784, 1785, the 8 was undoubt- 
edly brighter than a. 


& Leonis. 


Montanari fays, this ftar was hardly vifible in 1693. I 
found it conftantly in 1783, 1784, and 1785, of the fame 
brightnefs, being of the sth magnitude ; lefs than A, x, and, 
if any difference, rather brighter than /and w Leonis. Tycuo, 
FLAMSTEED, Mayer, Braptey, &c. mark it of the 4th 
magnitude. 





~ b Leonts. 


‘This ftar is faid to have difappeared before the year 1667. 
It is now, and has ever been fince 1783, of the 5. 6th mag- 


nitude, being lefs than w, and brighter than 4, FLAMSTEED’s 
46th. 


AER GLE IIIT CEE TET ENE, 


7 | 2sth 
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25th Leonis. 


In 1783 I firft perceived this ftar was miffing; nor was it 
vifible in 1784 and 1785, even with the tranfit-inftrument. 


BAYER’s # Leonis, or Tycuo’s 16 Leonis. 


It was not vifible in 1709, nor could I fee it'in 1785. This. 
is a different ftar from the ¢ Leonis of the other Catalogues,, 
though Ty.cHo’s.de/cription of its place is the fame. 





& Urfz Majoris. 

This ftar is fufpe&ted to change in brightnefs (fee Lone’s. 
Aftronomy), on account of its being marked by Tycuo, 
Prince of Hess, &c. of the 2d magnitude; while Hevetius; 
BRADLEY, and others, have it of the 3d. At prefent, and 
for thefe three years paft, it appears as a bright 4th magnitude;, 
being rather lefs than +, equal to #, and rather brighter than x 
Draconis.. 


2 Virginis. 

This ftar is. fuppofed to be variable,. becaufe KLAMSTEEDs. 
on the 27th of January, 1680, fays he could not fee it.. He 
obferved it May 12, 1677, and fome years afterwards, fince it 
is in his Catalogue. 1 examined it frequently in 1784,and 
1785, without perceiving the leaft change, being of the 6th. 
magnitude,. lefs than c, and rather brighter than..a ftar three: 
degrees lower in a right line with ¢ and # Virginis. 





BaAYER'S. 
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Bayer’s ftar of 6th magnitude, 1° South of g Virginis. 


This ftar is not in any of the nine Catalogues that I have. 
Mara pI looked for it in vain; and in May, 1785, I could 
not fee the leaft appearance of it. It certainly was not of the 
8th magnitude. 





in the northern thigh of Virgo. 
This ftar, which is marked by Riccro.us of the 6th mag- 
nitude, could not be feen by MARALDI in 1709; nor was it 
of the oth magnitude, if at all vifible, in 1785. 


gt or 92, Virginis. 
In 148% I found that one of thefe ftars was miffing, and 
which feems to be the 91 ¢ the remaining one is of the 6. 7th 
magnitude, 





e Draconis. 

Iam of Mr. Herscue’s opinion, that it is highly probable 
this ftar is variablee Brapitey, FLAMSTEED, &c. mark it of 
the 2d magnitude; at prefentitis only of a bright 4th. Ihave 
frequently examined it fince O&tober, 1782, without per- 
ceiving the leaft change, being conftantly rather lefs than , 
Draconis, equal to d Urfee Majoris, and rather brighter than » 
Draconis. 





Bayenr’s ftar in the weft fcales of Libra: 


Maravoi fays he could not fee this ftars; nor could Tid 
1784 and 1785. With a night-glafs may be {een thereabouts 
: fome 
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fome {mall ftars of about the 8th magnitude, none of which 
are near as bright as the 2d » Libre. 


~~ 





Prot. and UL. Beicu’s N° 6 of the unformed in Libra. 


In examining different Catalogues I do not find this ftar in 
any other than the above, though it is marked of the 4th 
magnitude. If Protemy had not the x it might be thought to 
be that. In 1785 I frequently obferved a ftar of the 7th mag- 
nitude very near its place, which appeared rather lefs than . 
FLAMSTEED's 41. FLAMSTEED has not this little {tac in his 
Catalogue ; but he obferved it May 9, 1681. 


° x Libre. 

This ftar is thought to be variable. 1 am not of that opi- 
nion; though certainly it is rather fingular that Hevetivs, 
whofe attention was direéted to this part of the heavens, to 
find Tycuo’s 11th, did not obferve the x; and the more fo, as 
he has noticed two much leffer ftars not far fromit. During 
thefe three years I have found the x conftantly of the sth mag- 
nitude, being lefs than or 6, equal to A, and brighter than ». 


Tycuo’s 11th Libre. 


Hevettius fays he could not find a ftar of the 4th magni- 
tude in Libra noticed by Tycuo. This muft be Tycuo’s 
11th, fince he has all the others. It was not vifible in 1783, 
1784, and 1785, nor probably ever exifteds for itis, 1 think, 
evident, that this 11th is no other than the «, with an error of 
two degrees in longitude. 
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53 Serpentis. 


In 1784 I perceived that this ftar was mifling ; nor was it 
vifible in 1785 with a night-glafs. 





A flar marked by Bayer near ¢ Urfe Minoris. 


1 Cassrnz could not fee this ftar. In 1782 I took, witha 
night-glafs, a plan of all’ the ftars near its place, and near 
the «, none of which were brighter than the 7. 8th magni- 
tude. I have fince re-examined the plan, but ‘found no alte-. 
ration. : 





Fhe e or Prot. and Ut. Beicu’s 14th Ophiuchi or FLAM~ 
STEED's 36th. 


-~Ehave no doubt but that this is the ftar which is faid to: 
have difappeared before 1695. It is alfo evident, by. what: 
Hevetius fays in his Catalogue on the 6 and B, that the -¢: 

, was not feen by him. In 1784 and 1785 I found it of the 
4. 5th magnitude, much brighter than 39, alfo rather: ~ 
brighter than 51 and 58, and’ lefs than 44. On the 3oth of 
June, 1783,- Ihave marked ist in my jousnal equal to 39, and 
lefs than 51 and 58; but as the obfervation was not repeated,. 
I am far from being certain it has undergone any change, par- 
ticularly as this ftar’ has a fouthern declination-of 26°, and 
therefore great attention muft be. given to the ftate of. the 


atmofphere.  - | 
Prat. 
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Prot. 13th and 18th Ophiuchi, 4th magnitude. 


If there is no error in the Catalogue, thefe two ftars have dif- 
appeared ; but I am confident that ProLemy’s 1 3th is FLAM- 
8TEED's 40th, and that ProLemy’s 18th ought to be marked 
with a north latitude inftead of fouth, which would make it 
agree nearly with FLAMSTBED's 58th. 





o Sagittari. 


Mr. HerscHet, wsth great reafon, has placed this ftar 
among thofe which probably have changed their magnitudes. 
I had Jong fince remarked the fingular difagreement in all the 
Catalogues, which induced me to obferve it frequently, parti- 
cularly in 1783, 1784, and 1785, when it appeared of the 
2. 3d magnitude, and brighter than « Sagittari#. 





6 Serpentis. 


‘MonrANARI fays he faw this ftar of the sth magnitude, 
and that the next year it grew bigger. I examined.it fre- 
quently in 1783, 1784, and 1785, and found it always lefs 
than 3 Aquilz, equal to B — and P Ophiuchi; 4th 


magnitude. 


Tycuo’s 27th Capricorni. 


This ftar was not vifible in HeEveLius’s time; nor could I 


foe it 1.778, 1782, 1784, with the tranfit-inftrument. 
Ee2 — T'ycHo’s 
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Tycuo’s 224 Andromedz and oe Andromedze. 


Cassini remarked, that the ftar placed by T'ycuo at the 
end of the chain of Andromeda as of the 4th magnitude, was 
grown fo {mall that it could fcarcely be feen. ‘This is Tycno’s 
N° 22, the longitude and latitude of which places it near the 
two x Cygni, and where no ftar was vifible in 1734 and 1785. 

As poffibly, by T'ycno’s defeription, Casstn1 took the 22d 
for the o Andromeda, I have alfo examined this ftar, and in 
1783, 1784, and 1785, found its relative brightnefs thus: 
tefs than a Cephei; equal to @ Caffiopee, though, if any dif- 
ference, rather brighter; and brighter than a, », or : Andromedz, 





Trcuo’s 19th Aquaril. 


. This is the ftar that Heverrus fays was miffing, and that 
FLAMsTEsD could not fee with his naked eye Nov. 18, 16795 
nor could I fee the leaft appearance of it in 1782. I am con- 
vinced it is the fame ftar as FLAMstgED’s 56th, marked f by 
Bayer, from which it is only 1°f. FLAMsTEED’s 53d,, 
marked fin Protemy’s Catalogue, is a different ftar. 


La Cainve’s 483 Aquarit. 


I firft difcovered that this ftar was —_ m 1778 Tt was. | 


not vifible in 1783, 1784. 


There are a few other ftars. fufpetted by the ancient aftro- 
nomers to have been new or altered a [little in brightnefs,. 
_ which I have omigted, not feeing any reafon to.think them. fo ;. 
and fome that are certainly variable, but cannat be obferved ins 

I - thefe: 
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thefe latitudes. I have alfo, contrary to’ my firft intention, 
added feverat which are not mentioned by them; fuch are 
thofe that I lately difcovered to be miffing. | 

Perhaps mahy perfons would place in the firft clafs feveral 
ftars which I have put in the fecond, relying on the pofitive 
affertions we have of their having difappeared, diminithed, or 
being hew; for my part, I am confident that moft of thefe 
fuppofed changes may be attributed to miftakes ; and in general 
for thofe that are faid to be loft, an attentive comparifon of 
different Maps and Catalogues will point out the error; and - 
thus I have ventured to give my opinion of Tycuo’s 20th 
Ceti, rith Libra, and roth Aquyari, &c. Since FLram- 
STEED's Catalogue has been more particularly inveftigated, the 
number of thefe fuppofed loft ftars is confiderably increafed ; 
but if the fecond volume of his Hift. Coeleft. 1s alfo examined, 
mMahy ¢rrors will be detected ; among which it will appear very 
unaccountable, that the’ 71ft, 80th, and 8:ft of Hercules, 
which were difcovered to be miffing by Mr. HerscHeEL, are 
not ii FLAMSTEED’s oblervations under the name of Hercules, 
though I looked for them with particular attention, and find 
the oth. Tlie rgth Perfei, which Mr. Herscnet alfo could 
not fee, was obferved but once by FLAMSTEED, viz. Jan. 
16, 1693, and in all probabikty is the + with the time of its 
tranfit erroneoufly fet down. ‘The + was obferved on Jan. 17, 
1693, and Jan. 18, 1694. Befides thefe Mr. Goopricke has. 
found feveral other errors ftill more evident. FI fcarcely need add, 
that thefe correétions do not in the leaft intimate any miftake 
or diminith the merit of thofe that firft point them out, but 
fall entirely on the ancient catalogues and obfervations. 

Mr. Herscuezz, in felecting feveral ftars whicls poffibly may 


be reckoned new ones, very judicioufly gives.us plaufible reafons 
not 
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not to lay great ftrefs on their being {o; and the following 
remark only confirms what he there fuggefts; for that ftar of 
the sth magnitude following r Perfei, mentioned by him, 
and which with great reafon might be efteemed a’ new one, is 
in all probability the fame as one obferved by FLamsTEep, 
Jan. 18, 1694, though not inferted in his Catalogue. 

With regard to thofe ftars which are faid to have diminifhed 
or increafed, as thofe in Andromeda, Leo, &c. they are, in 
my opinion, far from being confirmed as variable. I know, 
from repeated experience, that even more than a fingle obfer- 
vation, if not particularifed and compared with neighbouring 
ftars, is very little to be depenpled on; different ftates of the 
weather, thin ftreaks of clouds, have feveral times made me 
verr a whole magnitude ia the brightnefs of a ftar. 

Whether thefe apparent ehanges in the ftars proceed intirely 
from themfelves ; or whether they are effected by any foreign 
power that may in part occafion fome of their particular ap- 
pearances and irregularities, we have not fufficient data to 
determine: but whatever are the caufes, a divifion of the 
different phenomena feems to be the moft probable means of 
forwarding ‘any conjecture that hereafter may be formed; i 
fhall therefore divide the firft clafs into three orders. 

The firft contains thofe that are periodical with long inter- 
vals; and fuch I reckon o Ceti, that in Hydra, that in the 
Swan’s breaft and neck, and alfo Mayver’s N° 420. 

For the fecond order I fhall mention only three, though 
others might be added; but the accounts of them are fo unfa- 
tisfactorily recorded, and their places fo little known, that I 
prefer feleting only that in Caffiopea of 15972, that in Ser- 
pentarius of 1604, and that near the Swan’s head. The 


phznomena of thefe certainly bear a great refemblance to the 
firft : 
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firft: {till their fudden appearance, and no certainty of a pe- 
riod, or at leaft infinitely louger, are, I think, fufficient rea- 
fons to feparate them. 

' Laftly, Algol, » Antinoi, @ Lyrz, and 3 Cephei, are fo: 
fimilar to each other, and fo different from the above, that: 
there can be but little or no hefitation in diftinguifhing them ; 
alfo the caufe of their changes feem in general to be attributed - 
to {pots, and a rotation on.their axis. This property of the. 
fixed ftars, though often fufpected, was far from being evident 
tll within. thefe two- years; and we are not only indebted to. 
Mr. Goopricxs for the difcovery of the firft, but alfo for 
three of the only four known. 

Further may be added, that all thofe of ide firft order 
(Ma ver’ s 420: being yet fo little known remains doubtful). 
attain in different periods different degrees of brightnefs when. 
at their full; alfo the progreflive increafe of brightnefs of 
that in Hydra, that in the Swan’s breaft, of a Ceti, @ Lyra,,. 
y Antinoi, and ¢ Cephei, is not fimilar to their decreafe. This. 
peculiarity with regard to Algol is yet uncertain, owing to the: 
rapidnefs of its changes, fo that there is only one that feems to. 
have thefe points, uniform, viz the variable in. the Swan's. 
neck. | 

I thall now conclude with the obfervations from which fome: 
re(ults, given in this Paper, have been deduced; they are here- 
collected together, in order to avoid confufion. 


Obfervations: 
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Obfervatiotis on the variable in Hydra. 


P) | = y of 3d magna 
m , I re ee } of 4th — 
au . Hy * wt kof 6.7th— 
& ) SouvTvH y x of Sth =e 


‘mn of toth— 





1783, Dec. 15. A.M. much lefsthan |, and rather lefsthan A 
24. A.M. equal, if not lefs than, J; of the fame colouf as J. 
brighter than }; of about } of the difference betwee 
¥ and 73 of a more copper eelour than + 


1784, Jan. 4 A.M. | 


4 a ee any difference brighter 

Oe Lie 

> elon ee with thenaked ey¢,it appearedin ahead betwéert 
25§- e 


Y,andy; and of a more copper colour than either Yar ». 
Feb. 3 - the fame brightaefs, but feemed of a more cOppey | 


Qe colour.’ 
23. between | and I air not clear.’ 
“dg : a 
Mareh 10. pontiven ¥ v and - but nearer the brightnet of te 
April 14, -}. | 
4 tatker brighter than &, - 
May- 2. } | a 
g. rather lefs than 2, and brighter than x, a 
1784, Dec, 1.A.M, did not fee the variable ; ftrong moon-light. 
9. A.M.- ditto “ditto. 
22. A.M. .. ditté oes giteo. 
£785, Mar. 4. orth ‘ditto ditto, 


April 17. faw the #, but not the variable. 
* vifible to the naked eye; lefs than}, and much brightef 
‘ay 4 ) than 2; of a more copper colour than ¥, 
ne } rather lefs than ¥, 


May 
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3785, May 14. equal to }; air not very clear, and moon-light. 
35 equal tos; airclear; moon-light. 
%g. undoubtedly brighter than {; little hazy; moon near. ~ 
26 " 
~ 
June 10. rather brighter than }, though I think decreafed. 
22. equal to }: but am not fure if the fky was quite clear. 
13. rather lefs bright than ¥; air clear. 
Mr. Goopricke alfo frequently obferved the variable, 


his obfervations agree with the above. 


i rather brighter than %; moon-light firong. 


Qbfervations on 7 Antinoi. 
h. 
1738, May 20 at 12§ equal or lefs than » Antinoi. 
21.-= 12% equal to,, evidently lefs than 8; moon-light. 
22.—= 123 equalif not brighter than  Aquilx ;. moon. 
-— — 125 thought it brigkter than 8; air clear. 
June 10. — 12§ rather brighter than + Aatinoi. 
12. —— 113 rather brighter than }, lefs than @. 
13. — 124 a hitele brighter than 8, much lefs than 2, 
guly 15.—— 12} lefs than g, brighter than » 
17-— 11 lefsthan., brighter than ». 
18.—-11 between sand @, I think rather nearer 6. 
__ 10} 
nF 114 
20.—-11 rather brighter than 2, certainly equal. 
Aug. 30.—— 9} rather brighter than @, at leat equal to it. 
31-—— g much brighter than #. 


\ between g and @, rather nearer; air clear. 


Gept. 6.— g  lefsthans; a fingle view of it, not very fatisfactory, 


‘Jom Of much brighter than 8. 
26.— he much lefs than Bor s, brighter thas ». 


2].— 7 i} much lefs than , lefs than s, brighter than p. 


98,.—- 92 rather brighter than 2, 
—-—t12 increafed a little in brightnefs. 
Vor. LXXVL F ¢ 
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and — 


The 


218 Mr. Picott’s Obfervations on 


The brightnefs of the ftars to which q Antinoi is compared are 
given in the Philofophical T'ranfactions, vol. LXXV. part I. 


Obfervations on the variable in Cygnus’s Neck. 


x ot Oth mag. AsKixcn’splan 


ye 8 4 e * dof 7th — (fee Phil. Trani, 
Ze * e é x eof 7th — abridged by. 
Variable “eZ a of 8th — |JONES) is much 
bs b of Sth — ithe fume as this, 
eo @@ cof 8.9— I have annexed 
bof oth — the fame letters 
to the ftars. 








Dates. | Mag. 











178 
ice 38 if vifible, not of the 8th magnitude, | 
June rather brighter than d or ¢ 
11 rather increafed. 
23 lefs than x. 
30 rather increafed. 
July 15 of the fame brightnefs as on the 30th of June. 
27 a little brighter than d or e. 
Aug. rather brighter than d; decreafed. 
equal to 4, 
16 lefs than d, brighter than e. 
25| 7 lefs than ¢. 
Sept. think brighter than a. 
12 equal to a. 


much lefs than a, equal to ¢, and brighter than 5, 
9 equal to b. 
O& 1419. 10] lefs than 5, 
ae ieee with the greateft difficulty ; lefs than any ftars of the 
aa ee plan; am doubtful if 1 faw it by intervals. 


ry 


{? looked conftantly for the variable between O&ober and 
April, but could not fee it. 

April 23)r0. 11} lefa than any ftars of the plas. 

2 ditto. 

May 9}9. 10 rather lefs than d& 





3784 
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Dates. 
1784 
May 21 rather brighter than 5, but not fo bright as 5 
Juné 17 equal to a, brighter than 4. 
July 21 equal to x with the naked eye. 
22 if any difference the x was the brightef. 
| 27 rather brighter than x. 
Aug. 1 undoubtedly brighter than y. 
10 think it decreafed, but fill rather brighter than y. 
I 
: ; rather lefs than x, 
Sept. 2 much decreafed, lefs than x, but brighter than d, 
12 ftill brighter than d. 
19 if any difference brighter than d. 
20 rather lefs than d. 
O& 6§ lefs than ¢, about equal to a. 
16 rather brighter than a. 
Nov. 11 lefs than 4, about equal tof. 
17 rather lefs than f- 
, ed 
1785 
May 9 not vifible. 
June 21 lefs than }, 
july 23 rather brighter than a. 
Aug. 13 { a little brighter than dand ¢, mach i/s.than y 5 am net fure 
: 15 I could fee it with the naked eye. 
27 tee fo bright as x, much brighter than d; I could fee it 
a8 with the saked eye, but the x mere diftinétly, 
gO not quite fo bright as x; naked eye. 
Sept. : ditto ditto, 
II {vey difficult to fee with the naked eye, decreafed in 
12 brightnefé; air clear. 
26 though the air was remarkably clear, it was with the utmmok 
27 { difficulty I could fometimes fee it with the naked eye. 


ae 
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X.: An Account of a Subfidence of the Ground near Falkftone, 
on the Coaft of Kent. In a Latter from the Reu. John Lyon, 
M. A. to Edward King, Efy. F. R. §. and AS. Commue' 
nicated by Mr. King in. a Letter to Chasles Blagden, M D. 
Sec R. S.; with Remarks. 


Read February 16, +786. 


TO DR. BLAGDEN, Sec.R.S& 


DEAR SER, Mansfield-Street, Dec, 22, 1985; 


AVING always thought the account given in the Phi- 

lofophical Tranfaétions, by Mr. SacketTeE *, aboutthe 
beginning of this century, concerning the motion of the Clifk, 
and of the adjacent ground, near Folkftane in Kent, a very 
curious one, and deferving of much attention ; ‘both becaufe of 
the many pofitive atteftations there were of ancient men with 
regard to it (who were both mariners, and ufed to obferva- 
tion) ; and becaufe of the fingular confequences that would 
follow, from the afcertainmg of fuch a fac, in a philofephical 
light; I have conftantly, whenever I had any opportunity, 
made repeated enquiries concerning the matter, of fuch per- 
fons as I thought likely to be able to afford me any fatisfaCtory 
information. 


* See Phil. Tranf. vol. XXIX. N° 349. or Jonzs’s Abridgment, vol. IV., 


part Il. p. 248. 
Amongit 
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Amongft the reft, I mentioned it laft fummer to my worthy 
and very curious friend Mr. Boys, of Sandwich; who feemed 
furprifed at the narration, and had never before heard of any 


' fuch phenomenon. However, in lefs than a fortnight after 


our converfation, I was agreeably furprifed by receiving a letter 
(dated 24th Sept. 1785), in which he faid, J am forry your 
bealth will not permit you to make the tour you at fir propofed; 
efpecially as fometbing vERY curious bas happened within thefe 
few days at Folkftone. Part of the cliff, to the weftward of the 
town, a little way from the church, has funk, and continues 
fisking into the earth; raifing the ground, about the finking part, 
in a very extraordinary manner. This correfponds with what you 
faid to me onthe fubjeét of Stutfall-Caftle, &c.; and certainly 
deferves your attention, If I could, by going thither, give you 
any fatisfadtion, I foall be ready and happy to obey your commands. 

Being, through illnefs, prevented from examining this cu- 
rious phenomenon myfelf, I accepted this obliging offer of 
Mr. Boys, and requefted his affiftance: and although he alfo 
was prevented from going to. the {pot himfelf, yet he applied 
to a friend of his, the reverend Mr. Lyon, of Dover; who 
has made repeated vifits to the place, to obtain all the informa- 
tion poffible; and has, at laft, fent to me a very accurate 
drawing, together with an explanatory letter; which I now,. 
with great pleafure, venture to lay before. the Royal Society. 

I muft, however, at the fame time, beg leave to obferve, 
that although Mr. Lyon differs from. Mr. Sacketts, in his 
conclufion, concerning the motion af the whole adjacent coun- 
try, and controverts that fact; and has certainly given a more 
clear and fatisfattory account of the prefent phznomenon, 
than Mr. Sacketre did of that which he withed to recosd ; 
yet they both agree in imputing a2 ii remarkable effect (only ia 

different 
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. different ways) to the paffage of the fprings, and drains of 
water, through the ftratum of loofe marle, on which the whole 
country refts: an effe& which muft needs produce, at different 
periods of time, various alterations on the furface; and may 
. moft probably have ocafioned much greater changes in the face 
of the country than that made in the prefent inftance. 

Whether therefore Mr. Sacke tre was right or wrong, in 
his great and final conclufion, concerning the motion of the 
whole coaf'; what he records, on the teftimony of fo many 
aged perfons (in which they perfifted with great fertoufnefs 
and on the fulleft confideration), does furely ftill deferve at leaft 
to be born in mind, and to be attended to with much circum- 
f{peCtion ; efpectally on a coaft, where perhaps fixed pornts may 
be attempted to be afcertained, at fome time or other, in order 
to complete the moft accurate and moft curious ——— 
menfuratfons. 

And { muft further venture to obferve, in vmdication of 
Mr. SACKETTE’s account and conclufions, that although Tar- 
lingham-houfe has indeed been rebuilt, finee the time referred 
to by the old man’ whoconverfed with Mr. L.ron; and there- 
~ fore that old man’s remark might be occafioned-merely by s5et 
circumftance; yet it had not been rebuilt in Mr. Sacgkar e's 
time; and, therefore, no fuch circumftance could be the occa- 
fion of its coming recently in view, at that period when he 
wrote, in parts of the coaft where it had not been poffible to 
fee it at {ome time before. | 

And as to the Moortne Rock, /s particalarly referred to by 
Mr. SackeTTE, being now utterly unknown; it ought to be re- 
membered, that Mr. SackerTe, in his defcription of it, fays, 
that it lies furrounded with great numbers of other rocks, and 
was on this account chiefly @ noted one, beeaufe at it veffels ufe to 

7 be 
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be moored, while they are loading other rocks, which they take 
| from hence, not only far our owns pier-heads, but for thofe of 
Dover Pier; and a very great quantity of them were shipped in 
tbe time of OLiveR’s ufurpation, and carried to Dunkirk, for 
the feruice of that harbour. Confidering, therefore, that the 
enormous pile of Ramfgate Pier has been built fince that time, 
(which, though it be chiefly compofed of Portland f{tone, had, 
lapprehend, foundations and interior parts of ruder materials) 
and that there have been other vaft demands for ftone, it is not 
at all unitkely, that this very Mooring Rock, mentioned by Mr. 
SACKETTE, has itfelf been carried away in like manner as 


the others were that ufed to furround it; and that this is the 


fole reafon why it is now no longer known, and totally 
forgotten. | 


Iam, Sir, with much efter, &c. 
| EDWARD KING. 


P.S. There is a peculiarity in Mr. Lron’s fketch, Tab. V. 
(defigned to illuftrate the grounds of his objections to Mr. 
SACKETTE’s conclufions) which demands fome explanation. 
After having given a fection of the cliff and fhore, the lines 
(inftead of being continued in the fame plane, and in the direc- 
tion of the /ame fection) are drawn fo, as to be conceived as ex- 
tended on the furface of the country from the eye of the obferver 
at E. Without attending to this circumftance, what he fays is 


not very eafily te be underftood ; and indeed I muft ftill think, 


that Mr. SacKETTE does not deferve fo much cenfure, although 
Mr. Lyon’s be undoubtedly a moft accurate account, and moft 
clear folution of the prefent phznomernon. 

| | TO 
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TO EDWARD KING, ESQ, 
SIR, _ — Dover, Nov. 24, 3785. 


AS I have been requefted by my friend Mr. Boys, of 
. Sandwich, to examine into the caufe of the finking of fome 
ground near the town of Folkftone, in this neighbourhood, 
and to fend you the refults of my inquiries; I have made it 
my bufinefs to attend particularly to the fubje&t. I have been 
twice to view the place. I have endeavoured to procure the 
beft information, and have compared my remarks with what 
‘the reverend Mr. Sackette formerly faid upon the fame 
{ubject to the Royal Society. 

That you may have a clearer idea of the place where the 
ground is finking, I have annexed a drawing of it, taken from 
a {mall hill near the foot of the cliff. 

AA (Tab. IV.) reprefents the length of the ground, 130 
feet, which is funk 40 feet from the top of the cliff DD. 

BB, is a fiffure, in the valley between the finking ground AA 
and the hill HH, and in which there are many {maller chafms. 
C, the tower of Folkftone-Church, not far from the cliff 
DD. | 

E, part of the town of Folkftone, as feen between the cliff 
' DD and the hill HH. 

F, the high chalk cliffs at a diftance, leading towards 
Dover. | 

G, a track of pafture land, between a high range of hills 
and the fea. ‘ 

I, the beach, at the foot of the hill H. ~~ - 

KK, Rocks, faid to be raifed (and I believe they are) by the 
{inking of the ground AA. 

I As 
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As I intend, in explaining the caufe of the finking of the 
ground AA to you, to advance an opinion of my own, and to 
controvert what the reverend Mr, SacKETTE formerly {aid 
upon the fubject, it may be neceflary to explain the nature of 
the foil, as far as it is open to view, in the neighbourhood of 
Folkftone. 

The chalk cliffs FF, which begin at Dover, form oppofite 
Folkitone town high hills, and leaving the fhore, there is a 
a large track of arable and pafture land between them and the 
fea. 

Part of this ground is fhewn in the view at G, and is a kind 
of marle, which contains pyrites, fragments of the Cornu 
Ammonis, and many other foffil bodies. 

Next to the marle is a loofe fandy. foil (fee the cliff DD) 
intermixed with a very large, hard, and coarfe kind of {tone, 
in which are often found foffil oyfter thells. 

This fandy foil refts upon a marle, which at the cliff DD 
is in fome places three or four feet above the beach, and when 
wet is very flippery. A ftratum of this marle extends for 
many miles on the coaft, and where it 1s not fufficiently co- 
vered with fand to bear any weight, it is in many places a 
quag, and dangerous to pafs over. 

Through this track of land I have defcribed, there are many 
drains of water, which may be fupplied partly from the falling 
of the rains in wet feafons, and partly from the {prings ifluing 
from the hills; and there is reafon to fuppofe, that in a loofe 
foil thefe drains form channels in a courfe of time. At the’ 
place where the ground ‘has funk before, and is now finking, 
there is a drain from the marle under phe fand; and I am of 
opinion, that the courfe.of the water is in the fame direction 
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as the valley between the hill-H and the finking of. the om 
AA. 

That the finking of the coal is caufed by the foundation 
being undermined (and I think by water). is evident from the 
appearance of the ground in the valley. The foil is full of 
fiffures, and refembles an arch, which 1s funk down, and has left 
the two abutments, the hill H and the chff DD, ftanding. 

As the hil! H more than counter-balances the preffure of 
the finking ground upon the ftratum of wet marle, the confe- 
quence is, that the rocks KK, at fome yards diftance, being, 
only thinly covered with fand, are forced upwards, and become 
viftble, and the wet marle in many places is {queezed through 
the fand with them. | | 

This appears to me to be the true reafon of the finking of 
the ground at one place, and the rifing of the rocks at 
another. 

That the reverend Mr. Sacxerre’s account of the finking 
ef the ground at Folkftone, to the Royal Society, is founded in. 
error, I have not the beaft doubt, from the. prefent appearance 
of fome of the objects he defcribes. TF am rather at a lofs to 
follow him exactly, asthe oldeft man in the town. of Folk- 
ftone (1 am told) never heard of the Mooring-rock he 
mentions. 

I think by his defcription the finking of the ground moft 
have been in his time at the fame place it is now, as Tarling- 
ham-houfe is not to be feen on the other fide of the town. 

Admitting this to be the cafe, there will {til be a difficulty 
refpecting the relative fituation of each place in explaining 
what he calls a fketch of the country. But, to explain 
my meaning more fully, let B (Tab. V.} reprefent the 
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foot of ‘the hill’H in the view, which is upwards of 30 feet 
high. 

‘CD, the valley between the hill B and the cliff. 

DE, the cragged cliff, 60 yards high. 

EF, a plain, above a mile long. 

FG, a hill of fteep afcent, Mr. Sacxerre fays near half a 
mile; but this is much higher than it really is. 

GH, ‘the land from the top of the hill to the houfe near a 
mile. | 
I, Tarlingham-houfe, lying two miles and a half N.N. W. 

from the rock. 

EGH, -a line of fight (fee ‘Mr. Sacxetre’s defcription of 
the country). 

Hf' Mr. SACKETTE, in the above defcription of his fketch 
of the country, had-placed each object according to its real 
fituation; and if the effeéts he has mentioned had been real 
ones, they would have been truly wonderful, and worthy the 
attention of the curious inveftigator of the hidden operations 
of nature ; but I am-apprehenfive he had but very little better 
foundation for what he has faid than the vague and inconfiftent 
reports .of a few ancient fifhermen. ‘Farlingham-houfe 1s by 
Mr.‘SackeTTe’s actount fituated full-as:far beyond the hill 
FG as the width of ‘the plain EF; but how deep the hill: has 
funk to render the houfe vifible over the top muft depend .upon - 
the fituation of it, viz. how much higher it was than the top 
of the hill. 

If the hill has funk only ten feet, there muft have been 
fome external evidence of it, fuch as fiffures round the bafe, 
and a very fteep afcent from the top of it, where the fepara- 
tion happened between it and Tarlingham-houfe; but there 
are no traces of any fuch finking of the hills. 

Gg2 There 
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There 1s farther proof that Mr. Sacketre did not examine 
into the matter himfelf, but refted what he faid upon the report 
of others; and this ts, that Tarlingham-houfe is not feen 
over the top of the hill in the line of fight EG, but confi- 
derably to the left of it, in the line EI, and clear even of the 
bafe of the hill. Befides, a moment’s refle@tion would have 
told him, that the finking of the hills could not produce the 
effects he mentions ; - for if the ground in the plain was pufhed 
forward by it, it could not be a partial flipping ; not only the 
church, and the whole town, muft have been removed, but 
every object between the bafe of the hills and the cliff muft 
have been removed out of their place; but I may venture to 
affirm, there is no proof of this having been done. I fhould 
have been drawn into the fame or fimilar errors myfelf, if I had 
refted fatisfied with the firft accounts I received from an ancient 
fifherman. He told me the fame ftory of the hills finking in 
his time, and Tarlingham-houfe. appearing higher than it did 
fince he could remember. . In one part of his. relation he was 
right; for-I found, upon inquiry, that Tarlingham-houfe ,has 
been taken down, and built upon a much larger {cale than for- 
merly, fince it has been in the hands of the prefent proprietor. | 

If what I have faid fhould not. prove fatisfactory, I fhall be 
happy in giving-you any farther capers ae as. this — 
jn my aici ; and am, Sir, &cs 


‘* LYON. 
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XI. -Particulars relative to the Nature and Cuftoms of the Indians 

of North-America. By Mr. Richard M‘ Caufland, Surgeon 

- to the King's or Eighth Regiment of Foot. Communicated by 
Jofeph Planta, E/g. Sec. RS. | 


Read it Seat 16, 1786, 

"T’ has been advanced by. feveral travellers and hiftorians that 

the Indians of America differed from other males: of the 
human {pecies in the want of one very charateriftic mark of 
the fex, to wit, that of a beard. From this general obferva- 
tion, the Efquimaux have been excepted ; and hence it has 
been fuppofed, that they had an origin different from that of 
the other natives of America. Inferences have alfo been drawn, 
not only with refpect to the origin, but even relative to the 
conformation of Indians, as if this was in its nature more 
imperfect than that of the reft of mankind.. 

It appears fomewhat fingular that sai in deducing the 
origin both of the Efquimaux and of the other Indians of 
America from the old world, fhould never have explained to us - 
how the former came to retain their beards, and the latter to 
lay them fide. To afcertain the authenticity of this point 
may perhaps prove of little real utility to mankind; but. the 
fingularity of the . fac certainly claims the. attention. of the 
curious: and as it is impoffible to fix any limits to the infe- 

gnces 
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‘rences which may at one time or another be drawn from 
alledged facts, it muft always be of confequence to inquire 
into the authenticity of thofe facts, how little ne 
foever they may at prefént ‘appear. 

I will net by any ‘means take upon'me to fay that there are not 
nations of America deftitute of beards ; but ten years refidence at 
Niagara, in the midft of the Six- Nations (with frequent oppottu- 
nities of feeing other nations of Indians) has convinced me, that 
they do not differ from the reft of men, in this particular, more 
than one European differs from another :_ and as this imperfeétion 
has been attributed'to the Indians ‘of “North-America, equally 
with thofe of the reft of the Continent, I am much inclined to 
think, “that this affertion is as void of foundation in one nee 
as it is in the other. 

All the Indians of -North-America (except a-very. fall 
number, who, from living among white people, have adopted 
their cuftoms) pluck out the'hairs uf the'beard; and as they 
begin this ‘from ‘its firft appearance, it muft naturalty.be fup- 
pofed, that to a‘fuperficial obferver their faces will: feem 
-{mooth and beardlefs. -As further proof’ that they have. beards, 
we may obferve, firft, that they‘all have an inftrument for: the 
purpofe of plucking them: out. Secondly, that when ‘they 
neglect this for'any time, fevéral hairs {prout up, and: are feen 
upon the chin and face. Thirdly, that: many Indians 4llow 
tuftsief hair to gtow upon their chins or upper tips, refembting 
thofe we fee in different’ nations of the old world. “Fourthly, 
that feveral of ‘the Mohocks, ‘Delawares, and others, ‘-who 
live amonpit white people, fometimes  fhave with razors, and 
fometimes pluck their beards out. 'Thefe are fads which are 
a amongft the Army, Indian<T'raders, &c.; and which 

2 y are 
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are never doubted in: that part. of the world by any perfon. in. 
the leaft converfant with Indians; but as it is difficult to tran-. 
{port a matter of belief from one cquntry to another diftant 
one, and as the authors who have maintained the contrary. opi- 
nion. are too refpectable to be doubted upon light grounds, I 
by no means intend to reft the proofs upon what has been faid, 
‘or upon my fingle affertion. 

I have provided myfelf with two authorities, which I ap- 
prehend may in this cafe be decifive. One is Colonel Burier, 
Deputy Superintendant of Indian Affairs, well known in the 
Jate American war, whofe great and extenfive influence amongtt 
the Six-Nations could not have been acquired by any thing lefs 
than his long and intimate knowledge of them and their lan- 
guage. ‘Theother authority is that of THAYENDANEG A, com- 
monly known by the name of Captain Joszpu Brant, a Mo- 
hock Indian of great influence, and much {poken of in the 
late war.. He was in England in 1775, and writes and {peaks. 
the Englifh language with tolerable accuracy. I fhall there- 
fore only fubjoin their opinions upon this matter, the originals. 
ef which. I have under their own fignatures. 


Colonel Burier’s.. . 


"FHE men of the Six-Nation Indians have all beards natu- 
rally, as have all the other nations of North-America which I 
have had an opportunity of feeing. Several of the Mohocks. 
fhave with razors, as do likewife many of the Panees who are 
kept as flaves by the Europeans, But in. general.the Indians 
pluck out the beard by the roots from its earlieft appearance ; 
and as their faces are therefore fmooth, it has been fuppofed 
that they were deftitute of beards.. Iam even of opinion, that 

Hf 
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i€ the Indians were to practife fhaving from their youth, many. 
of them would have as ftrong beards as Europeans. 
| (Signed) | 
Niagara, April 12, 1784. JOHN BUTLER. 
: : Agent of Indian Affairs. 


Captain BRANT’s. 


_ THE men of the Six-Nations have all beards by nature; 
as have likewife all other Indian nations of North America 
which I have feen. Some Indians allow a part of the beard 
upon the chin and upper lip to grow, and a few of the Mo- 
hocks fhave with razors in the fame manner as Europeans ; 
but the generality pluck out the hairs of the beard by the roots 
as foon as they begin to appear; and as they continue this prac- 
tice all their lives, they appear to have no beard, or at moft 
only a few ftraggling hairs which they have neglected to pluck 
out. Iam however of opinion, that if the Indians were to 
fhave they would never have beards altogether fo thick as the 
Europeans; and there are fome to be met with who have 
actually very little beard. 
(Signed) , 
JOS. BRANT THAYENDANEGA. 
‘Niagara, April 19, 1783. 


Upon this fubject I fhall only further obferve, that it has 
been fuppofed by fome, that this appearance of beard on. 
Indians arifes only from a mixture of European blood; and that 
an Indian of pure race is intirely deftitute of it. But the na- 
tions, amongft whom this circumftance can have any influence, 
bear fo {mall a proportion to the multitude who are unaffected 


by 
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by it, that it cannot by any means be confidered asthe.caufe ; 
hor is it looked upon as fuch either by Captain BRAN? or 
Colonel But Ler. oe | : 


I thall here fybjoin a few partigulars relative to the Indjays 
of the Six-Nations, which, as they feem not to be well un- 
dexftoed even: in: America, are probably ftill lefs known in 
Europe. My authorities upon this fubje&t, as well as upon 
the farmer, are the Indian Captain Brant ahd Colonel 
Bura.er. 

Each nation’ is divided i into three or more tribes 3. the -— 
cipal _of which are called. the Turtle-trnibe, the Wolf-tribe, 
and the Bear-tribe. 

Raeh tribe has two, three, or more chiefs, called Scheer: . 
and this diftingtion is always hereditary in the ‘family, but de- 
feendé along the female line: for inftance, if a chief dies, one 
of his fifter’s fons, or one of hia own brothers, will be ap- 
painted to fucceed him. Among. thefe no preference is given 
to proximity or primegeniture s- but the Sachem, during his 
hfe-tsene, pitclies upon one whom he fuppofes to have more 
abihtiesthan the reft; and in this choice he frequently, though 
not always, confults the principal men of the tribe. If the 


‘fucceffor happens to be a child, the offices of the poft are pey- 


formed by Jame a his friends until he is of fafficiept age to agt 


-himéelf;' 


Each of thefe sd pf Sachem has a name are is peculige 


to it, and which never changes, as it is always adepted by the 


fuecefor ; nor does the order af precedency of each of thefe names 

or titles ever vary. ‘Nevetthelefs, any Sachem, by abilities and 

a@ivity, may acquire greater power and influence in the nation 
Vor, LXXVI. Hh than 
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‘than thofe who rank before ‘him in point of precedency 5 but 
this is merely temporary, and’ dies with him. 

Each tribe has one or two chief warriors; which dignity is 
alfo hereditary, and has a peculiar name attached to it. 

Thefe are the only titles of diftinction which are fixed and 
‘ permanent iA the-nation ;: for-although ahy Indian‘ may‘by fu- 
" périor talents, eithér asa ‘counfellor or as a warrior, acquire 
“influence in the nations yet it 1$-not in ae sistas to tran{mit 
tig to his family.” +. 

' The Indians -have. alfo-their tun Women. as wii as re 

Great Men, to whofe opinions they pay great deference; and 
“this diftin@tion is alfo hereditary in families. . They ‘do not fit 
in council with the Sachems,~ but. have = creas of “theie 
own. 

When war is declared, the Sachems and —_ Women gene- 
‘rally give up-the management of public affairs into the hands 
of the warriors. It may ‘however.fo happen, that a: Sachem 

‘may at thé fame time be alfo a chief warrior. 

Friendfhips feem to have. been initituted a a view 
‘towards ftrengthehing the: umion between the feveral nations 
‘of the conféderacy ; and henee Friends are called the finews of 
‘the Six-Nations. An Indian has therefore generally one or more 
‘friends in each‘ nation. Befides the attachment which. fubfifts 
guring the life-time’ of the two: friends, : whenever one of. 
‘them happens to be killed, ‘itis mcumbent. on the furvivor to 

replace him, by prefenting to his family either a fcalp, a pri- 
“foner, or a belt ‘confifting of. fome ‘thoufands of .wampum ; 
‘and this ceremony is performed by every friend of the deceafed. 

The purpofe and foundation ‘of war ‘parties therefore, 1 is in 
general, to procure a prifoner or {calp to. replace the fend or 
relation of the Indian who is the. head of. the party. - An In- 
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dian who withes to replace a friend or relation prefents a belt 
to his acquaintance, and as many as chufe to follow him accept 
this belt, and become his party. After this, itis of no confex- 
quence whether he goes on the expedition or remains at home 
(as. it often happens that he is a child), he is ftill confidered as 
the head of the party. The belt he prefented to his party is 
returned fixed to the fcalp or prifoner, and paffes along .with 
them to the friends of the perfon he replaces. Hence it hap- 
pens, that a war party, retarnitig with more-fcalps or prifoners 


_ . than the original intention of the party required, will -often 


give one of thefe fupernumerary {calps or priforters to another 
war party whom they meet. gong out; pon which this party, 
having fulfilled the purpofe of their or = fometimes 
return without nt going to wat. . . 
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‘The fevers frott’ sf December, i ls aie oe ‘ica. 
and.was all gone before the middle; ard: the raoft open part of. 
this fharp wintet followed it, bemig maty or thick and -warm.- 
very wet air) but. the laft day of. Janaarycasttother froft. fer in, . 
which, though ‘inot.fo fleady as the former, was fomletimes - 
véry -fevere,and did not go dway: tall nearahe middle of March: 
and thie winter, particularly rhe ‘former frol about December 
1S, was nvoch feverer in the fouth of Exglland than here, and 
grvdter figns of deftrudtien by ' x ‘were. {eon amabding the trees: 
afd plants:there: 1 From the bidaking of the ffoftitils April 4, : 
wat: chiefly’ frofty tnovnings| aml forwstichds:n the fade alt 
dag,‘ {6 that, if you codat the. number of fiolty!days; I db not 
khow that any: watiter. had miore, . though I havd- kaown Heyerab 
longer frofts, and mbre ‘ftendy;; atid fome fevecthors ‘fevete!: 7 

- Froth April 5, the weather began to mitnds ‘was tdlevatly- 
pleafant, andithinps came on gradually 5 yet dot without ime : 
frofty mornings, even in May. ‘The feed time began late, but 
was without hindrance ; and there having been very little rain 
fince the froft, it harrowed remarkably fine, and the lands and 
roads were uncommonly dulty. The corncame up very well, 
except the late fown, fome of which, efpecially in the fouth of 
England, lay dry till June; for it continued a remarkably dry 
time all fpring, fo that. the prafs was very fhort, and hay very 
fcarce; yet the grain continued;particularly fine-coloured, and — 
eared very well, though fome of the winter eorn was rather 
thin; yet that was.much mended by fome refrefhing fhowers 
m May and Jane, which were enough to frefhen things, 
though not to make much; grafg: and during this drought there 
were great numbers of little whirlwinds, Sometimes feveral in 
aday. | a oe 

: : The 
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The weather. begaty to, be-fhowery the middle of July, .and 
feveral great rains; ahd‘ after Auguft 3d it was:more frequent; . 
but lefs at a tinie. . This made plenty of good grafs, but .was: 
very troublefome for the -harveft, which was got -in flowly,. 
and with. lofs, but came out :again full as well as.could be ex- - 
pefted. The wheat.was remarkably full-eared. The barley; 
good, except the late. fown, :which ‘never ripened; and fome - 
too haftily carried in harveft. The birds of paffage went away 
rather early this year: almoft all the Swifts were gone in July, . 
and moft of the Swallows-and Martiis in September ; the laft. 
were Auguit 7, and Oftober 12. . It coutinued very fhowery till 
near the middle af QGober; after which, the autumn was 
pretty fine, and teds. wet than. before, yet enough to make it 
very dirty whea the fun Joft ita power in December ; and the. 
winter begaa for the moft part open and pleafant, till a froft 
and large fhow at Chriftmas, which grew feverer'to. ies end 
of ie _— , 7 





On the Variations of Seafons. 


“Meafuring the rain for a few years will not thew completely - 
the general quantity of rain which falls in any place; for there 
is a very great difference at different periods of time. If I 
had meafured the rain at Lyndon only in the four years 1740, 
1741, 1742, 1743, the mean would have been found to be 
only 164 inches in a year; yet they were not all complained of 
as dry fummers. © 1749 was cold and dry till July 30. The 

{pring 
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fring 741 was cold and dry, the: fummer hot, dry, and 
burning till the beginning of September; then ten days wet 


‘and very warm again, being the. fineft autumn for grafs ever 
‘known. 1742 -was'a fhowery fummer,:and 1743 wet in the 


middle; but then the winters were dry,: fothat the quantity of 
rain upon the whole was {mall. 1741 to 1750 the mean was 
184 inches. 1741 and 1750 were hot, dry, and burning, 
1750 being the hotteft year I have known. The intermediate 
years were neither very wet nor very dry; and this was the 
moft plentiful and cheapeft time for corn of any ten years I 
remember; for grain oftener fails in England from too much 
wet than too little. 1751 to 1760 the mean year was 22:. 
1760 was hot, dry, and burning; but feveral of the fummers 
were wet, and the crops not fo plentiful. Three wet fum- 
mers together, 1754, 1755, and 1756, were a time of {carcity, 
and we have had more failing crops fince that time than before 
it. From 1761 to 1770 there was 23%ina year. 1762 was 
hot, dry, and burning; and £56 5: cold and: dry; but feveral 
years were wet, 1763 ‘and .1768. remarkably fo; and of thofe 
ten years feveral had failing crops,>and fome had -great fnows. 
There was a great change of the’ feafons at 1763; for I have 
had more rain fince that time. than I hid before it in the pro- 
portion of 5 to 4, From 1770 to 1780 there was at a mean 
26 inches. 1771 was dry, and 1778 and 1779 were hot, yet 
not without fits of rain; and moft of the other years were 
wet, and fome great fnows. 1773, 1774, and 1776, were fo 
wet that there came 32 inches ina year, which is nearly dou- 
ble what there was from 1740 to 1743. In twelve months, 
from October 1773, to September 1774, there came 39,390 
anches of rain, which is nearly a Lancafhire year. And in 
3 one 
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one month,’ September 1774, there was 8 inches: this was 
in. barley and peafe harveft, and for three weeks together nat a 
load could be carried in. By the above ftate of the cafe it 
appears, that, for four fucceflive periods of ten: years, thic 
% pays of rain hes been increafing each fume. - 


ne cde f 
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XI, An tein of Riser hiiis made by Mr. Johan Mé Nah, 
at Henley Houle, Hudfon’s Bay, relating to freczing Mix- 
fares, By Henry Cavendith, Eg. F. R. S, ond 64. S. 


Read February 23, 1985. 


{% my obfervations on Mr. Hurcwins's Experiments, 

printed in the LXXIIId volume of the Philofophical Tran- 
jactions, I gave my opimion concerning the caufe of the cold 
produced by mixing fnow with different liquors. As there 
were fome circumftances, however, which feemed to form a 
difficulty in the way of this opinion, I was defirous of having 
further experiments made on the fubjeg 5 and at the fame 
time I thought that, by proper. management, a greater 
degree of cold might be produced than had hitherto been 
done. On mentioning. the experiments I wifhed to have 
made to ‘Mr. Hurcuins, he very obligingly defired Mr. 
Mc Nas, Mafter at Henley-Houfe, to try them; who was fo 
good as to undertake the bufinefs, and has executed it in the 
moft fatisfactory manner ; as he has not only taken great pains, 
but has fhewn the utmoft attention and accuracy, in obferving 
and relating all the phenomena which occurred, and has mani- 
felted great judgement in frequently adapting the manner of 
trying the experiments to appearances which occurred in for- 
mer ones, to-which we are indebted for great part of the moft 
curious faéts in this paper. His endeavours have alfo been 
sttended with much fuccefs, as he has not only fhewn many 
temarkable circumftances relating to the freezing of the nitrous 

Vou. LXXVI {i “and 
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and vitriolic acids, and the phenomena of freezing mixtures; 
but has alfo produced degrees of cold greatly nip. to any 
before known. 

1, In the above-mentioned Paper I faid, that the cold pro- 
duced by mixing {pirit of nitre with fnow, is owing to the 
melting of the fnow; and that in all probability there is a 
certain degree of cold, in which fpirit of nitre is fo far from 
diffolving fnow, that x will yield out part of its own water, 
and fuffer that to freeze, as is the cafe with folutions of com- 
mon falt; fo that if the cold of the materials, before mixing, 

is equal to this, no additional cold can be produced. A cir- 
cumftance, however, which at firft fight feems repugnant to 
this opinion, occurred in an experiment of FAHRENHEIT’s for 
producing cold by a mixture of fpirit of nitre and ice; namely, 
that the acid, which had been repeatedly cooled by different fri- 
gorific mixtures, was found frozen before it was mixed with 
the ice; notwithftanding which, cold was produced by the mix- 
ture. Profeflor Braun alfo found, that cold was produced by 
mixing frozen fpirit of nitre with fnew. On confideration, 
however, this appeared by no means inconfiftent with the opt 
nion there laid down, as there was great reafon to think, that 
the freezing of the acid was of a different kind from that con- 
fidered in the above-mentioned Paper, and that it did not pro- 
ceed from the watery part feparating from the reft and freez- 
ing; but that the whole acid, or perhaps the more concentrated 
part, froze; in which cafe it would not be extraordinary that 
the acid. fhould diffolve more fnow, and produce cold. 

2. To clear.up this point, I fent to Hudfon’s Bay a bottle of 
fpirit of nitre, of nearly the fame ftrength as FAHRENHEIT’S; 
and defired Mr. Me Nas to expofe it to the cold, and, if ie 
froze, to afcertain the temperatyre, and decant the fluid part inte 

3 | another 
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another bottle, and fend both home to be examined, as it 
would thereby be known, whether it was the whole acid, or. 
only the watery part, which froze, . For the fame purpofe alfol 
fent fome dephlogifticated {pirit of nitre of the fame ftrength, 
and alfo feme ftrong oil of vitriol. I alfo fent fome fpirit of 
nitre and fpirit of wine, beth diluted with fo much water, that 
it was expected, that with the cold of Hudfon’s Bay they 
would fuffer the firft kind of congelation; that is, their wa- 
tery part would freeze, and thereby make the difference between 
the two kinds of freezing more apparent. 

3- In the fame Paper I fay, ** That on adding fnow gra- 

. “ dually to fome of. the fpirit of nitre ufed by Mr. Hurcuins, 
*‘ ] found, that the addition of a {mall quantity produced heat 
“ inftead of cold; and it was not until fo much was added as to 
“ increafe the heat from 28° to 51°, that the addition of more 
“ fnow began ‘to produce cold ; the quantity of {now required 
“for this purpofe being pretty exactly one quarter of the 
** weight of the fpirit of. nitre, and the heat of the {now and 
“air of theroom, as well as the acid, being 28°. The reafon 
“of this is, that a great deal of heat is produced by mixing 
“ water with fpirit of nitre, and the ftronger the {pirit is, the 
‘greater is the heat produced. Now it appears from this 
“experiment, that before the acid was diluted, the heat 
“‘ produced by its union with the water formed from the melted 
{now was greater than the cold produced by the melting of 
“ the fnow; and it was not till it was diluted by the addition 
“of one quarter of its weight of that fubftance, that the cold 
“‘ senerated by the latter caufe began to exceed the heat gene- 
“rated by the former. From what has been faid, it is evi- 
“dent, that the cold of a freezing mixture, made with the 
“ undiluted acid, cannot be quite fo great as that made with 
Ti2 ‘* the 
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‘‘ the fame acid, diluted with a quarter of.its weight af waber,: 
‘s {uppofing the acid and fnow to be both at 28° of heat; and 
‘¢ there is no reafon to think, that the-event will be different If 
“they are colder; for the undituted acid will not begin to 
* penetrate cold, until fo much {now is diffolved as to wecreae 
‘its heat from 28° to 51°, fa that ‘no greater cald will be 
‘« produced, tha would be obtanted by mixing the dibuted arid 
*‘ heated to 51° with fnow of the heat of 28°. “This method 
‘© of adding {now gradually to an acid, is much the bef way 
‘<1 know of finding what flrength it ought to be of, in ardsr 
*< to produce the greateft effe& poflable.” 

. As it feemed likely that, by following this method, a aptater 
dusee of cold might be produced than had been‘done hitherto, 
I fent three other bottles of fpirit:af nitre and: ail of vitnel, all 
three diluted, but not fo much fo, but that J thought they 
would require a little further dilution, 1n order ‘to reduce them 
to their propereft degree of ftrengeth. 1 alfo, fent-a battle of 
haghly sectified {pirtt of wine, and:a mixture af equal.quanti- 
ties of the above-mentioned common fpirit of. nitre and oil of 
vitriol ; and defired Mr. Mt Nas to find :what.degree of cold 
could be produced by mixing them with fnow, after:having 
firft reduced ‘them, ia the enon manner, to their bef 
degree of ftrength *. 

He was alfo defired to atti how much how he added ; 
for as their ftrength was determined before they were feut out, 
“it would thereby be known what was. the beft ftrength of thefe 
liquors for frigorific mixtures. 


* This might have been done at home; but I thought it not unlikely that the 
ftiength: found this way might differ, in poe meafure, according te the heat in 
which the experiment was tried, 


All 


~. 





Ecsperiments  foepsing Mistaren. ats 

All thefe bottles were mumbered with a diamond; and as I 
thali fometimes diftinguifh them by thefe numbers, and as it 
may be of yfe to thefe who may confult the. original, I have 
added the ascii PB lift.of “a bottles, with their contents. 


Weight of {| ‘Specie: - 
| agrble whichigravity at - 


: We Liquats mentioned in rene 
. Jehey diffolve. 60°of hear. 





r68 | Spirit of nitre, ©. ee See Se 
27| Dephiogifticated fpirit of nitre, ° 8 » es 

103} Diluted oil of vieriol, . . —. 
28} Equal weights of 3 ° 168. and N° 103. ‘ee 
8{ Very highly rectified {pirit of ines se) vane 








154371 
1,4040 
1,5598 
"8195 
Liquors mentioned in Art. 2. _ | : 


1,484.37 


tsi} Strong oil of vitriol, . 2. 2 » - © « 98 
142] Spirit of nitre, . . . , 9525 1,4043 ° 
; Some of the fame diluted with twice its weight } 

39} of water, . . . Bek, “Sh. te, be — Rey ae 


141} Depblogiticated fpirit of nitre, +s 
Some of the fame fpirit of wine ‘as in Ne 8. 1! 


| 124033 
I a 
43 diluted with 4 its weight of water,’ . 






72 Diluted oil of vitriol forcomparing thethermometers,} 
171 P Oil o€ vitriol of abput the ufyal strength, ‘but the 
exact ftreogth not known, intended to refreth 

the former when too weak. 


A. Profeflor Braun — that by mjxtures of Sia and 
{pirit of nitre he funk thermometers filled with ol of faffagras, 
and fome other effential oils, to- 190° or — 124°; and that, by 
the fame means, he funk thermometers. filled with the higheft 
rectified fpirit of wine to — 148°. Though, there feemed great 
reafon to think, ‘from Mg. HuTcHINs's experiments, that there 
muft be fome miftake. in this; yet, as it was poffible that the 
effential oils, and even {pirit of wine of aftreageh much different 
from that with which Mr. Hurcuins’s thermometers were 
filled, might follow a confiderably different progreffion in their 

contraction 
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contraétion by great degrees of cold, I fent a thermometer 
filled with oil of faffafras, and two others with {pirits of wine. 

One of thefe laft was filled with the higheft rectified fpirits I 
could procure, its {pecific gravity at 60° of heat being ,8185; 
the other was intended to be filled with common {pirits, though 
from circumftances I am inclined to fufpe& ¢hat alfo to have 
been filled with the beft fpirits. Befides thefe, there was fent a 
mercurial thermometer, accurately adjufted, according to the 
directions of the Committee of the Royal Society, printed in 
the LXVIIth volume of the Tranfactions; and alfo the two 
{pirit thermometers ufed by Mr. Hutcains, which were filled 
with {pirits whofe {pecific gravity was ,8247. 

5. Thefe thermometers were compared together by expofing 
them to the cold, with their bails: immerfed in a glafs veffel 
filled with diluted oil of vitriol. They were at times alfo com- 
pared in cold more violent than the natural cold of the climate, 
by adding {now to the acid in which they were tried, in which 
cafe care was taken to keep the mixture frequently ftirred. Oil 
of vitriol was recommended for this purpofe, as a fluid which 
would moft likely bear any degree of cold without freezing, 
and whofe natural cold might be much increafed by the addition 
of fnow. It feems to. have anfwered the purpofe very well, 
and not to have been attended with any inconvenience. 

_ During thé firft comparifon’of thefe thermometers, a whitifh 
globule, fuch as thofe which appear in frozen oil, was ob- 
ferved 1 in the tube of the thermometer filled with oil of {affa- 
fras. ‘This appearance of congelation did not much increafe ; 
but two days after a large air bubble was found in its ball, 
which prevented Mr. M* Nas from making further obferva- 


tions with it. 
» It 
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. Ie 13. well known, that fpirit of wine expands more by a 
given number of degrees of a mercurial thermometer in warm 
temperatures than in cold ones; and this inequality, as might 
be expected, was lefs in the ftronger {pirit than in the weaker, 
but the difference was inconfiderable. The oil of faflafras alfo 
had fome of this inequality, but mouch lefs. ‘It however ap- 
pears to be by no means a proper fluid for filling thermometers 
with. No appearance was obferved which indicates any confi- 
derable irregularity in the contraction of fpirits of wine in in- 
tenfe cold, or which renders it probable, that thermometers 
filled therewith could be funk by a mixture of {now and fpirit 
of nitre to a degree near approaching to that mentioned by 
Profeffor Braun. 

_ 6. Mr. Mt Nas in his experiments fometimes ufed one 
thermometer and fometimes another; but in the following 
pages I have reduced all the obfervations to the fame ftandard ; 
namely, in degrees of cold lefs than that of freezing mercury 
I have fet down that degree which would have been fhewn by 
the mercurial thermometer in the fame circumftances; but as 
that could not have been done in greater degrees of cold, as the 
mercurial thermometer then becomes of no ufe, I found how 
much lower the mercurial thermometer ftood at its freezing 
point, than each of the fpirit thermometers, and increafed the 
cold fhewn by the latter by that. difference. 


On the common er dephlogifiicated. Acids of Nitre. 


The following experiments fhew, that both ‘thefe acids are 
capable of a kind of congelation, in which the whole, and not 


merely the watery part, freezes. Their freezing point alfo 
differs 
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differs greatly actording to the ftreigth, and varies according 
to avery unexpected law. Like water too tliey bear bemg: 
cooled very much below their freezing polit before the conge- 
lation begins, and as foort as that takes place, immediately rife 
up to the freezing point. - 

7. On the morning of Feb. i. the corimnon and dephio- 
gifticated {pirits of nitre, N° 142 and 141, whofe fpecific gra- 
vities were 1,4043 and 1,4033, were found clear and fluid, 
the cold of the air at that, time being -~ 44°. They dlfo bore’ 
being thook without any alteration; but on rating out their 
ftoppers, both of them in a few minutes began to'freeze, the 
congelation beginning by a white appearance ‘at top, which 
gradually {pread to the bottom ; and they becarne fo thick as 
not: to move on inclining the phial. For want of a therrno- 
meter whofe bal] reached far enough below its fcale, Mr. 
Mc Nas was not able to determine their cold while in dre 
bottle ; but in fomewhat more than an hour’s time, the frozen 
acid had fo much fubfided as to admit of his pouring a Inttle 
fluid matter out of each into a ‘glafs with a thermometer in 
it*; whereby the cold of the common {fpirit of nitre was 
found to be = 31°4, and that of the dephlogifticated acid = 30°, 
the temperature of the air being —41°. Each of thefe de~ 
canted Hiquers, at ‘the time their temperature was tried, was 
full of {mall /picula of ice: they were then put into phials 
well ftopped, and they, as well as the undecanted liquors, fent 
home te be examined. The decanted part of the common 


® Tt may be afked, why it was more poffible to decant any liquor at this time 
than at firft, as the acid was all the while expofed to a cold much below the 
freezing point? The reafon in all probability is, not that any part of the ice §rft 
formed diffolved, but that the fntall filaments into which it* thot col&&@ed -toger 
ther, and in fome meafure fubfided to the bottom, 


I ; {piri€ 
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{pirit of nitre diffolved ,535 of its weight of marble, and the 
undecanted part ,5233 for which reafon 1 fhall call the ftrength 
of the former ,535, and that of the latter ,5233 which-mode of 
reckoning 1s obferved in the remainder of this Paper. The 
ftrength of the decanted part of the dephlogifticated acid was 
»§6, and that of the undecanted part ,528; fo that it appears 
that in each of thefe acids the unfrozen part was a little 
ftronger than the frozen part. It is remarkable, that in the 
common fpirit of nitre, the decanted part, though ftronger 
than the other, was paler coloured and lefs fuming. 

"8. On Dec. 21, the temperature of the air being — 28°, 
fome dephlogifticated fpirit of nitre (N° 27.) of nearly the 
fame ftrength as the former acid, was poured into a jar, in 
order to be diluted with fnow, as recommended in Art. 2. Im- 
mediately after it was decanted, it began to freeze, in the fame 
manner as before deftribed, except that a lefs portion of it 
feems to have congealed: its temperature, tried by dipping a 
thermometer into it, was — 19°, where it remained {ftationary 
for many minutes; it was then diluted with {now, as will be 
mentioned in Art. 14. whereby. its ftrength was reduced to 
9434- 

g- On Dec. 2gth, this diluted acid was completely melted, 
and half of it poured into a jar with a ground ftopper, and 
both portions expofed to the air. In the morning they were 
perfectly fluid; but on taking the ftopper out of the jar, 
and dipping in it a thermometer, the acid immediately froze, 
beginning by forming a white coat round the ball of the ther- 
mometer, which gradually {pread through the whole fluid; 
and at the fame time the thermometer rofe till it ftood ftatio- 
nary at — 5°. The cold of the acid before it began to freeze 
-muft have been about = 30°F, that being. the temperature of a 

Vor. LXXVL. K k glafs 
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elafs of vitriolic “acid ftanding near it; but the therrnometer— 
which was dipped into it was five or fix degrees colder, which 
feems to be the caufe of the congelation beginning round the 
ball. 

In the afternoon a thermometer was dipped into the other 
half of the acid, where, as the weather had grown lefs cold, 
it ftood above a minute at — 25°, without freezing ; then, how- 
ever, the acid froze, with the fame appearance as in the morn- 
ing, and at the fame time the thermometer rofe ta — 4°, and 
became ftationary. 

This acid, being left in the air with the thermometer in it, 
was found in the evening at — 45°; it however was not intirely 
frozen, beiug only thick as an unguent, which. fhews that the 
unfrozen part muft have been of a different ftrength. from the 
frozen part; but it does not appear whether ftronger or weaker. 
The next morning it was frozen folid, though the cold.was 
only half a degree greater. 

On Jan. 16th, this acid was again tried in the fame. manner; 
it then fuffered a thermometer, whofe ball had been previoufly 
warmed in the hand, to be dipped into it, and remain there 
feveral minutes without freezing, though its temperature was 
— 35°. But on lifting up the thermometer, a drop fell from its 
ball into the acid, which immediately fet it a freezing, and 
. it rofe up to — 4°. 

10. On Dec. 22d, the fpirit of mitre (N° 168.) which a 
few days before had been diluted with fnow, fo as to be re- 
duced to the ftrength of ,411, was divided into two equal parts, 
and expofed to the cold. On Dec. 29th, when the temperature 
of the air was — 17°4, one of thefe parts was found beginning 
to freeze; the other was fluid, but began to freeze on dipping 
maa thermometer; the thermometer in both kept ftationary at 
— 3°, 
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—1°j, The latter was twice re melted and expofed to the 
cole, and both times the temperature of the frozen acid came 
out the fame as before. 

11, The white colour of the ice in thefe experiments feems 
owing only to its confifting of very lender filaments; for in 
fome cafes, where it froze flower, and where, in confequence, 
it thot into larger folid maffes, they were tranfparent, and of 
the fame colour as the. acid itfelf, -By the continuance of a 
fufficient cqld, the acid, which by hafty freezing put on the 
white appearance, would become hard folid ice, but yet ftill 
retained its white appearance, owing perhaps to the filaments: | 
firft thot confifting | of an acid differing in ftrength from that. 
which froze afterwards, and filled up the interftices. 

In all thefe experiments, whether the ice was formed into. 
roinute filaments or. folid mafies, ‘ftill, whenever there was a 
fufficient quantity of fluid ‘matter to admit of it, they con-. 
{tantly fubfided to: the bettom 5. a proof: that the frozen part 
was heavier than. the ‘unfrozen. The difference indeed is fo 
gteat,. that in one cafe where it froze into folid cryftals on the 
furface, thefe cryftals, when detached by. agitation, fell with 
force enough to make a tinkling noife againft the bottom of 
the glafs. 

Thefe acids contra& very much on freezing. Whenever the 
acid’ is frozen folid, the furface, inftead of being elevated 
in ridges, like frozen water, is depreffed and full of cracks. 
In one experiment Mr. M: Naz, after a glafs almoft full of 
acid was nearly frozen, filled 3 itto the brim with frefh acid; 
and then, after it was completely frozen, the furface was vifl- 
bly devreffed, with fiffures one-eighth of an inch broad, ex- 
tending from top to bottom. It is this contraétion of the acid, 
in freezing which makes the frozen part fubfide in the fluid 

Kk 2 part ; 
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part; as it was found, in the undilated acid, that the latter con-" 
fifted of a ftronger, and confequently heavier, acid than the 
former. But ftill the fubfidence of the frozen part fhews, that 
the ice is not mere water, or even avery dilute acid; which 
iideed was proved by the examination of the — fent 
home. 

The ninth and tenth articles thew, that iol the acids 
bear being cooled greatly below the freezing pornt, without 
any congelation taking place; yet as foon as they ‘begin to 
freeze they immediately rifé up to their freezing point; and— 
this point is atways very nearly, if not exaGly, the fame in the 
fame acid; for thofe acids were'frozen and melted again three 
or four times, and were cooled confiderably more below the 
freezing point in one trial than another, and yet as foor as 
they began to freeze the thermometer immerfed in them con- 
{tantly rofd nearly to the fame point. - 

_ The quantity’ which thefe acids will bear being” ésilesl below 
the freezing point, without freezing, is retharkable. The 
diluted fpirit of ‘nitre, whofe freezing point is — 1%, once bore 
bemg cooled to near — 39° -withdut freezing, that is, near 37 
degrees below its freezing point. The diluted a es, eee 
{pirit of nitre, whofe freezing point is — 5°, bore cooling to — 35°3: 
and the dephlogifticated {pirit’of nitre (141) whofe'true freezing 
point is moft likely — 19° (/ee next article) bore being cooled to 

— 49°: perhaps too they might have born tobe cooled confi- 
derably lower without freezing, but how much does not appear. 
It muft be obferved, however, that the fame diluted fpirit 
which at one time bore being cooled to — 39°, at another froze, : 
without any apparent caufe, when its cold'was certainly lefs 
than — 30°, and moft likely not much below — 18°, 

4 , - 92, 
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12. The freezing point differs remarkably, according to the 
ftrength of the acid. In the diluted dephlogifticated and com- 
mon fpirit of Art. 7. and 8. the freezing point was —-5° and | 
~1°%. In the dephlogifticated and common fpirit of. 
Art. 5. the decanted parts of which were ftronger than the 
foregoing in fcarcely fo great a proportion as that of four to 
three, it feemed to be — 30° and —31°f. It may indeed be fuf- 
peGted, that as this poimt was determined only by pouring a 
{mall quantity. of the acid mto a glafs, at a time when the air 
and glafs were much colder than the acid, thefe decanted 
liquors might be cooled by the air and glafs, and thereby make 
the freezing point appear lower than it really was: but I do - 
not think this could be the cafe; for as the decanted liquors - 
were full of {mall filaments of ice, they could hardly be cooled 
fenfibly below their freezing points without freezing; and any 
cold, communicated to them by the air or glafs, would ferve 
only to convert more of them into ice, without fenfibly in- 
creafing their gold: fo that I think this experiment determines - 
the true freezing point of their decanted part; but it muft be 
ebferved, that zs the decanted part was rather ftronger than 
the reft, it is very poflible that the freezing point of the undes - 
canted part might be confiderably lefs cold. 

A circumftance which might incline one to think, that the 
_way by which the freezing point was determined in this expe- 
riment is defective is, that the freezing point of the dephlo- 
gifticated acid N° 27. though nearly of the fame ftrength as 
that laft mentioned, but rather ftronger, was much lefs bw, 
being only — 19° But I have little doubt that the true reafon 
of this is, that in the former acid the ftrength of the decanted 
part, which is the part whofe freezing point was tried, was found 


to be at leaft ." greater than that of the whole mafs; whereas 
. in 
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in N® 2%. the fluid part was An all probability not fenfibly 
{tronger than the whole mafs; for as.N° 27. was cooled only 
{even degrees. below the freezing point, and its,temperature 
was ‘tried foon after its beginning to freeze, not much of the 
acid could have frozen ; whereas the other was cooled 15 degrees 
below its freezing point, and was expofed for an hour or two 
to an air not much lefs cold, in.confequence.of which a-con- 
fiderable: part of the acid muft have frozen ; fo that in.all pre- 
-bability the acid, whofe freezing point was found to be — 30°, 
was in reality ,', part ftronger than that whofe freezing point 
was — 19°. 

If .this.reafoning be juft, the. freezing .point.of .thefe acids 1s 
as follows: | 








Freezing 
 pomt. 
a 256 | —30° 
Dephlogifticated {pirit of nitre, whofe ftrength= 4} ,53 | —‘19 
9437 |- 7 
re sais ; t.- = 954 = 31 
Common fpirit of nitre, whofe ftrength | { gel it 


‘On the Phenomena objerved on mixing Snow with thefe Acids. 


13. On Dec. 13, {now was added to the fpirit of nitre N° 
468, as recommended in Art. 2. The fnow was put in very 
gradually, and time was taken to find what effect each addition 
had on the thermometer and mixture, before more was added. 
The temperature of the acid before the mixture was — 27°, and 
each addition of {now raifed the thermometer a little, till it 
rofe to — 1°3.; after which the next addition made it fink.to — 2°, 
which fhewed that fufficient {now had then been added. ‘The 

quantity 
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quantity of {now ufed was pretty exactly ,*, of the weight of 


the acid, the weight of the acid being 13 0z. fo that the. 


ftrength of the diluted acid was reduced to ,411.. 
The acid before the addition of {now had no figns of freez- 
ing, its temperature being in all. probability. much above its 


freezing point; yet the. fnow didnot appear to diffolve, but. 


formed thin white.cakes, which however did not float on the. 


furface, but fell! to the bottom, and when broke by the fpa- 


tula formed asgritty fediment; fo that it appears, that .thefe. 


cakes.are. not fimply undiffolved fnow, but that the adjoining 
acid. abforbed fo much of the fnow in. contact with it, -as to 


become diluted fufficiently to. freeze with that degree of cold,. 


and then congealed into thefe.cakes. The quantity of con- 


gealed matter feems to have kept increafing till.the end of the. 


experiment. 


14. On Dec. 21, an’ experiment was -made in the fame™ 
manner with the dephlogifticated {pirit of nitre N° 27. The - 
acid began to freeze. in -pouring it into the jar in which the - 
mixture .was to be made, and dtood ftationary there at — 19°, as. 
related in Art. 6.; fo.that the liquor at the beginning of the. 
experiment.was white and thick, which. made the effe& of. the - 
addition. of the. fnow. lefs fenfible.. However, the congealed : 


matter. conftantly..fubfided to the bottom,. and the quantity. 


feems to have continued increafing to the end of the experi- 
ment. ‘The heat of the mixture rofe to — 4° before cold began 


to be produced, and the quantity of-{now added was.,*,*, of » 
that of the acid, fo thatthe ftrength of the acid was reduced . 


to ,437 by the-dilution. 


A very remarkable. circumftance in this experiment is, that 


} 


the acid, while the {now was adding, firft became of a yel- - 


lowith, 
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lowifh, and .afterwards of a greenifh or bluifh hue. This 

colour did not go off by ftanding, but continued at leaft ten 
_ days, during which time the acid conftantly kept that colour, 

except when by hafty freezing it fhot into {mall filaments, in 

which cafe it put on the white appearance which thefe acids 

always affumed under thofe circumftances; but once that by 
gradual freezing it fhot into tranfparent ice, this ice was of a 
« bluith colour. 

It is difficult to conceive what this colour fhould proceed 

from. Spirit of nitre is well known to affume this colour 
.when much phlogifticated and properly diluted; but one does 
not fee why it fhould become phlogifticated by the addition of 
the fnow, .and ftill lefs why the dephlogifticated acid fhould 
become more phlogifticated thereby than the common acid did ; 
for though it is not extraordinary, that a procefs not capable 
of producing any increafe of phlogiftication in the common 
acid, fhould make this as much phlogifticated asthat, yet it is 
very extraordinary that it fhould make it more fo. No notice 
is taken of any efferveftence or difcharge of air while it was 
affuming this colour, nor was it obferved that it became more 
fmoking thereby, or that the top of the phial in which it was 
kept became full of red fumes, as might naturally be expected 
if it was rendered much phlogifticated. Thefe are circum- 
ftances which, confidering Mr. Mt NaB’s great attention to fet 
down all the phenomena that occurred, I fhould think would 
hardly have been omitted if they had really happened. 

15. It is remarkable, that in‘ both thefe experiments the 
addition of {now produced heat, until it arrived pretty exaétty 
at what was found to be the freezing point of the diluted acid ; 
but that as foon as it arrived at that point, the addition of 
more ‘fnow began to produce cold. This can hardly be owing 

merely 
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merely to accident, and td bath acids having happened to be of 
that precife degree of heat before the experiment began, that 
their heat after dilution fhould coincide with the freezing point 
anfwering to their new ftrength, The true caufe feems to be 
as follows. It will be fhewn in Art. 16. and 17. that the 
freezing point of thefe acids, when diluted. as in the foregoing 
experiments, is much lefs cold than when they are confiderably 
more diluted; and it was before fhewn to be much lefs cold 
than when not diluted; fo that there muft be a certain degree 
of ftrength, not very different from that to which thefe acids 
were réduced by dilution, at which they freeze with a lefs 
degree of cold than when they are either ftronger or weaker. 
Now in thefe experiments, the temperature of the liquors be- 
fore dilution was below this: point of eafieft freezing, and a great 
deal of the acid was in a ftate of congelation all the time of 
dilution; the confequence of which is, that when they were 
diluted to the ftrength of eafieft freezing, they would alfo be 
at the heat of eafieft freezing ; for they could not be below 
that point, becaufe, if they were, fo much of the acid would 
immediately freeze as would raife them up to it; and they 
could not be above it, for, if they were, fo much of the con- 
gealed acid would diflolve as would fink them down to tt. 
After they were arrived at this ftrength of eafieft freezing, the 
addition of more {now would produce cold, unlefs this ftrength 
be greater than that at which the addition of a {mall quantity 
of fnow begins to produce cold; but even were this the cafe, 
heat would not be produced, but the temperature of the acids 
would remain ftationary until they were fo much diluted that 
the addition of more {now fhould produce cold. So that, in 
either cafe, the heat of the acids, at the time that the addition 
of freth fnow began to produce cold, muft be that of eafieft 
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freezing 3 and confequently, as this heat was found to coincide 
very nearly with the freezing point of thefe acids, after dile 
tion, it follows that their ftrengths at that time could differ 
very little from the ftrength of eafieft freezing. 

If the temperature of the liquors at the beginaing of the exper 
ment had been above the point of eafieft freezing, none of the acid 
would have congealed during the dilation, and nothing could 
have been learnt from the experiment relating to the point of ea- 
fieft freezing ; but the heat would have kept increafing, till the 
acid was diluted to that degree of ftrength at which the cold pro- 
duced by the diffolving of the {now was juft equal to the heat 
produced by the union of the melted {now with the acid *; 
after which the addition of more {now would begin to produce 
cold. When I recommended this method of findiag the beft 
itrength of fpirit of nitre for producing cold, by the addition 
of {now, I was not aware of any unpediment from. the freez+ 
ing of the acid, in which cafe it would have been a very pror 
per method; but on account of this circumftance it cau. banily 
be confidered as fuch, except when the cold. af the: acid at fete 
ting out is lefs than that of eafielt freezing. : iy 
+: In ‘the dephlogifticated fpirie of nitre the we point 
anfwering to the ftrength of ,434, 553, and ,56,. were faid to 

—4°%, —19°, and — 30°; and.the differences of — 40° and 
—19° from —4°%. are to each other very mearlpy wi: the 
duplicate ratio of ,126 and ,o96, the diffezences pf. the cop 
refponding ftrengths from ,434; which,.as ,434is the frength 
of eafieft freezing, is the proportion. that might.naturally b¢ 

* In the experiment related in my obfervations on Mr. Hutcuins’s Experi- 
ments, this ftrength was rather greater than that of eafieft’ freezing : ‘bat whether 
it is fo m degrees of: cold oxeedding: that i in: which my-experiment: was: sete, dives 
het appc as. 
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expecied, and confequently ferves in fome meafure to comfirm, 
the reafoning in this and the 12th Article. - 

16. After Mr. Mt Nas had diluted thefe acids as above- . 
mentioned, he divided each of them into two parts, and. tried 
what degree of cald: could be ‘produced by mixing them with 
fiew. On January rsth, one. of thefe parts of the common 
{perit of nitre was tried. It was fluid when the experiment 
bégen, though its temperature,. as: well: as that of the {now,. 
was -24°¢; but on addmg fnaow it immediately: began ta 
freeze, and. grew thick, and.its heat mereafed to — 2°$; -aut by 
the addition of ‘more foo: i quickly fimk. again, and at laft 
got to ~ 43°4. During the.atldition of the fnaw, the mixture | 
grew thinnen, and by the. time it arrived:at neatly the preateft 
depree off cold, confifted wiftbly of: three pasts: the loweft - 
part, whieli coufifted of frozen: arid,: was wiitte::and ‘felt 
gutty ; the.upper part, -which occupied) abdut an. eqnal {pace, 
was alfo white,. but felt foft,.‘and: miuft.heve confthed: of un- 
melted fxow;.the other part, which océypied..by: mich the . 
{inallett. fpace;.'was clear and: fluid:; The .quantity of {how . 
added was. about ,°,. of the weight: of ‘the: atid, and donke- 
quently:its Grength wax reduced t0,,243. 0 21: 

Though; {how was. added: to the acid ix this neta ae | 
long. as, and even langer. thah, it produced any increnfe of - 
cold, yet fome days after, on adding more {now to the-mia-- 
ture, while it was: fluid,: and of the. tempstature bf:.0 40°78, 
the cold was increafed to +.44°3, or degree lowerthan ‘before. : 
My. M¢ Naw didnot perceive the. fnow td melt, though in: albd 
probability fome muft have done fo, or no cold — have, 
been.produceds «lt. ie st 

The.caufe of this is ‘to be, that’ in oe asia expe-. 
riment ead congealed’ part’ af ‘the ‘acid: was fkrongyr than the. 

, Liz fluid 
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fluid part ; fo that, thea the fund part was not {troug enough 
to diflolve fnow in a cold greater than + 43°%,-yet the whole: 
acid together was. shes enough ‘to dovit ih a.cold one re Uegree 
greater, : 

A circumftance siaiimeal in the laft experiment which I can- 
not at all fee ‘the reafon'of; namely, a fmall part ‘of. the acid ° 
being poured into a faucer, before the addition .of the fnow, it 
was in an.hour’s time: changad into folid ice, though the cold ° 
of the air, at the time the acid was poured out, was only — 41°4, 
and does not feem.to have increafed.during the experiment. 

17. On December. 30, the other half of the fame.acid hat 
been triedin the fame manner; at the begmmning of the exper 
ment not more than one-ninth part.of the acid was fluid, the 
reft folid clear ices its:temperature was — 34°%,. and that of 
the fnow nearly:the fame; the greateft degree of cold. produced 
was — 42°23 'and the. quantity of {now employed was about 
one-eiphteenth of the.weight of the acid; fo that the ftrength 
of the mixture was.,38. . The freezing point of the acid thus . 
diluted appears to’ be about: ~45°%; ‘for by the imcreafe of 
warmth during the day-time, moft of the congealed matter 
diffolved; but in the evening .it began to freeze again, {fo a8 to 
become thicker, its tempevature bting ‘then — 45°}; and the 
next’ morning ‘it was 7 folidy: 1 its cold — ‘one — | 
greater. | ' 

18. On ‘December 12,° the’ diluted. “pict. of nitre N° 139. 
whofe ftrength was,175, :was.found frozen, its temperature 
being -—17. The fluid part, which was full of thin flakes of 
clear ice, and was of the confiftence of fyrup, was decanted 
into another bottle, and fent back. Its ftrength was ,24, and 
was greater than that of the undecanted. part in the proportion 


of ,21 to ,16; fo that, as not much. of the undecanted part was. 
2, . really 
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really’ congealed, the frozen part .af the; acid:muft have ‘been _ 
mauch weaker than the reft, if not mere water. Accordingly,.” 
during the.melting of .the undecahted part, the frozen particles 
{wam at top. Mr. M° Nas added fnow to.a little of the de-": 
canted liquor; but it did not .diffolve, and no- fasacisree of cold - 
was produced. | 

19. From thefe experiments it appears, that fice of nitre is 
fubje& to two kinds of congelation, which we may call the 
aqueous and fpirituous; as in the firft it is chiefly, if not in- ° 
tirely, the watery part which freezes, and in the latter.the 
fpirit itfelf, Accordingly, when the fpirit is cooled to the point 
of aqueous congelation, it has no tendency to diffolve: fnow and 
produce cold thereby, but on the.contrary is ‘difpofed to part 
with its own water ; whereas its tendency to diflolve fnéw and 
produce cold, ‘is by ‘no means deftroyed by being cooled to the 
pemt-of {pirituous congelation, er even by being actually con- 
gealed.- When the. acid is exceflively dilute,: the point of 
aqueous eongelation muft neceflarily be very little below that © 
of freezing water; when the ftrength is ,21, .1t.18-at —17°, - 
and at the ftrength of .,243, it feents, from Art.. 16. to be at 
- 44°3. Spirit of nitee, of the foregoing degrees of ftrength, 
is liable only to the aqueous congelation, and it is only io 
greater ftrengths that the fpirituous congelatiom can take place. 


This feems to be performed with the leaft.degree of cold, when, . 


the ftrength is ,411,.m which cafe the freezing point is at , 
—1°%. . When the acid is either. ftronger or weaker, it requires 
a greater degree of told; and in. both cafes the frozen part . 
feems.to. approach nearer tothe ftrength of ,411 than the un- 
frozen part; it certainly does fo, when the ftrength. 1s. greater - 
than ,413, and there is little doubt but what it does fo in the 
= cafe. At the ftrength of ,54 tlie point. of fpirituous 

congelatson 
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congelation is 91°f, and at ,33 probably ~45°%; at leaft.one 
kind of congelation takes place.at that point, and thete is little 
doubt but that it is of the fpirituous kind. In order tp prefent 
this mattee move at one view, FE have added the following. 
table of the freezing. point of ‘common. fpirit of nitre aniwering 3 
to different ftrengths. | 


Freezing” 


q' . . 
: {pirituaus congeldtion.: 


aqueous: ‘congelation. 





-20. In trying the firft half of the dephlogitticated foisit of 
nitre, the cold produced was + 44°%. "The acid. was: fluid be-~ 
fore the addition of .the fnow, and of the temperature of -.36°, 
but ftoze on putting in the thermameter, and rofe ta: > SP, aS 


_ redated-in Art. 7. 


-In.trying the fecond part, the ‘aed was about 0° bofure the | 
addition of the fnow, and therefore had 10 difpofition to ieaied 
The cold produced was — 42°%.: 

_ As.the quantity of fnaw added i in thefe velialeniie Was. hot 
obferved, they do not.determine any pamts of aqueous on fpi- 
rituous congelation in this acid; but there. is reafon.tp thihk, ! 
that thefe points aré nearly the fame as thofe of common {pinit- 
of nitre of the fame ftrength, as the cold produced in thefe . 
experiments was nearly: the fame as.that obtained. by, =n Cems . 
mon fpirit of nitre. -s 


* The point of eafieft freezing. 
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On the Vitriole Acrd. 

23» On December 12, the ftrong ail of vitriol N° 151. was 
found frozen, and was nearly of the colour and confiftence of 
hogs-lard. Its temperature, found by preffing the ball of a 
thermometer into it, was — 15°, and that of the air nearly the 
fame; but in the night it had been expofed to a cold of = 3°. 
It diffolved but flowly on being brought ,ihto a warm room, 
and was not completely melted before itihad rifen to + 20°, 
and even then was not very fluid, but of a fyrupy confiftence. 
During the progrefs of the melting, the congeated part funk to 
the bottom, as in fpirit of nitre; and many air bubbles fepa- — 
rated from the acid, which, when it was completely melted, 
formed a little froth on the furface. As foon as it was fuffi- 
ciently melted to admit of it, which was not till it had rifen 
to the,temperatune of + 10°, the Aid part was On and 
both were fent home: to be examined, = 

It is remarkable, that the frozen part did not intirely diffolve 
until the temperature was fo mach increafed. ‘This would inr 
cline one to think, that the frozen part myft ,have differed in 
fome sefpect from the reit, fo as to require much lefs cold to 
make it freeze; but yet I could not find that the ftrength-of 
the decanted part differed fenfibly from the refh . 

Ir appeared . ‘by. another bottle of, ou of vitriol; which alfe 
froze by the natural cold of the air, that this acid, as well-ag 
the nitrous, contracts in freezmg: . , ; -:;., Es 

22. On December 21, when the wuees wras at — — 30°". the 
vitriolic acid’ N° 103.,.was didyted with {nopv,: as- digefted i Wy 
Art; 3. The. fnow diffolved immediately, and no; figns of 
congelation appeared during, any part of the procefs.. The 

temperature 
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temperature of the acid rofe only one degree before it began to 
fink, and the weight of the {now added was only +',°, of that 
of the acid, fo that its ftrength was reduced thereby to ,605 ; 

which ts therefore the beft degree of ftrength for producing 
cold by the addition of fnow, when the dégree of cold fet out 

‘with: is — 30° Fhis ftrength is one-fifteenth part lefs than 
‘what I found myfelf, by a mass experiment, when the tem- 
‘perature of the'dcid was +27°; which fhews, that ‘the beft 
degree of ftrengthr 4 is rather lefs, when the degree of cold fet 
out ‘with is great Shan when {mall, ‘but that it does not differ 
much. 

23. The acid thus diluted was divided into two parts, and 
the next day, Mr. M¢ Nas tried what degree of cold could be 
produced by adding fnow‘to one of them. ‘The temperature 
of the air at the time was: — 39°, and the mixture funk by the 
procefs to —55°4. The {now diffolved readily, and the mix- 
ture did not lofe’ much of its fluidity until it had aéquired 
nearly its greateft degree of cold, nor did any congealed mat- 
ter fink to the bottom im any part of the procefs. The quan- 
tity of {now added was about _." to Of the weight wd the acid, 
fo thatthe ftrength of’ the mixture was about , 325. 

24. On January 1, thin cryftals of ice were found diffufed 
all through this mixture, the temperature “of the aif being 
— 5§1°%, but that of the liquor was not tried. As this conge- 
tation muft have been of the aqueous kind, and feems to have 
taken place at the temperature of — 51°, it fhould follow, that 
this acid had no power of diffolving {now in a cold of 51° ; fo 
that it does not:at firft appear why a cold four degrees greater 
than that thould have been produced in the foregoing experi- 
ment. The reafon is, that at the time the mixttire arrived 
at — 5 5°t, it appeared by the diminution of its fluidity to have 

a contained 
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contained fome undiffolved {now, ‘and fome! more was added ta 
it after that time, which before the firft of January ‘diffolved 
and mixed with the acid ; :fothat the acid in the mixture, at the 
time it funk to ~1 55°k, was: not quite:fo- much diluted as that 
which froze on January 1.- This is the reverfe of what hap- 
pened in the trial of the nitrous acidin -Art.15. as in that 
experiment the fluid part, at the time of the greateft cold, was 
weaker than the whole mixture together; but it muft be ‘con- 
fidered, that sat mixture contained much congealed acid, ‘as 
well as undiflolved {now, whereas ¢4is contained only the latter. | 

25. On January 1, fnow was added to the other half of the 
acid diluted on. December 21.° The cold produced was much 
greater than. before, namely — 68°4; this feems. to have pro- 
ceeded,- partly from the air and materials having been 12 degrees 
colder in this than in the former experiment, and partly from 
the {now having been added fafter, fo that the mixture arrived 
at its greateft degree of cold in 20’, whereas it before took up 
46’. Another reafon is, that the former mixture was made in 
too {mall a jar, in confequence of which it was poured into a 
larger before the. experiment was completed, whereby fome 
cold was loft. The quantity .of {now ufed in this experiment 
was lefs than in the former, fo that the ftrength of. the acid 
after the experiment -was about ,343. ‘The mixture alfo grew 
much thicker, and had a degree of elafticity refembling jelly ; 
but whether this was owing only to more fnow remaining 
undiffolved, or to any other caufe, I cannot tell. , 

26. Great.as the foregoing degree of cold is, Mr. M° Nas, 
on February.2, produced one much greater. In hopes of ob- 
taining a greater degree of cold by previoufly cooling the ma- 
terials, he cooled about feven ounces of oil of vitriol, whofe 
ftrength was ,629, thatiis, rather (tronger than the foregoing, 

‘Vor. LXXVI. . Mm. 7 by 
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by: placing the jat in whieh it was continned im a treentay mito 
tara of oi of Vitrink and {gow the. fuon imstenticd to be ufed 
wag alfa, cooled by placing 19 winder, the velicd rw orhich the 
fceoziag mixtune wis made As feon, 95 tha acid: in the ja 
was cooled to the tempouatuse of — 57°, alittle of the ince 
was added, on which. it immediatsly:bagan to: freeze, ans sole 
to.— 36°; hut in about 40:anin ums, as the jac was Mill hope the 
 feeezing mixtire, it fenk to +42; by: which aa « we 
grown, very: thick ank gutey, efpecialix an bottom. Mare: of 
the: cooled: fnew. was. then. added,. which ina font time made 
if; fink to ~ 7874, and: at the fame time the thiciosefs. and tena- 
city. of; the mixture diminifhed ; .fo that: by the time: it arrived 
at. the greateft degree of cold, very httla:thicknefs. remained: 
Ie is -worth inquiring, what was; the.teafon off tle.preater 
degree of: cald: produced. in. this. than inr the preaeding! caper 
reent:?. It. cowd not be owing, to the materials: being: colder} 
‘for-at the. tumenof.the feeoncdaddition. of frows at witich: time the 
experiment; may. -be,confidered:to have begua,. the acid was. nut 
caider than at.the beginning of the: preceding experiment). and 
the {now. in. all, probability mot much: colder... It could nor be 
Qwing neither to, the jar heving. been. kept in the feczing mix 
ture: for though that mixture was three ov:four: degrees colder 
than the air:in the preceding experiment, yet the acid.in the jay 
before it acquired much addition of cold, would he robbed of: 1ts 
cald fafter by the mixture than it. would by air ofi the. fame 
temperature as that in the preceding experiment; Neithee:couid 
it proceed from, any. difference in the ftrength of the acids. for 
what difference.there was muft have-done more burt than good. 
Thetrue reafan is, that.the acid was.in-a {tate of. congelation : 
for as the congealed acid united to the fhow and became fluid by 
the union, it.is:plain, that cold must have been: predaced: both 
by 
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by the mielting of the (now and by that of the acid; whereas, if 
the acid had béen in a fluid ftate, cold would lave been prd- 
duced only by the firft caufe, and confequently a greater dé- 
* grea of cold thould be produced {n this experiment than in the 
Grmer. The only inconvenience attending the acid being 

in a ftate of gongelation. is, that in aH probability it does not 
unite to the fnow fo readily as when in a fluid Mate; but the. 
difference feems not material, ds the ¢old was produced, and 
the nvaterials melted, in 5 minutes- 

27. The day before, Mr. M* Nas, by adding fhow to fome 
of the fame acid in the ufual manter; when the cold of the 
materials was — 46°, produced 2 cold of only ~ 66°. 

28. Ia thefe four laft experiménts the-acid was. reduced, by 
the addition of the fnow, to the ftrefigths of ,32'5, 13431 1403, 
and ,934; and the cold produced in themi was before faid to 
be — 5.3°S,. —68°3,. —78°k, and - 66"; whence We may con- 
elude, that thefe are‘nearly the points of aqueous congelation 
anfwering. to the foregoing ftrengeli#; only it appears, from 
what was faid in Art. 24. that the-Mrengehs here fer down are 
all of them. rather too fmall. 

‘Though it'is- certain: that oil of vitriol # capable'of the fpi- 
rituous congelation, and theugh:it appears, both from the fore- 
going experiments and from: fome made by‘the Duc p’AYEN ® 
and byM. pp Morveau'4, that it freezes with a lefs degree df 
coh! whier ftrong-than when- much diluted, it is not certain 
whether-it has any point of cafieft freezing, like fpirit of nitrd, 
ot whether the cold: required to freeze‘it does: not continually 
diminith ag the ftrength inereafes, without limitation; but the 
latter opinion is.the moft probable. For the.Duc p’Aven’s and 

* Didion. de Chym. par Macayer, 2 edit. 

+ Nouv. Mém, de l’Académ. de Dijon, 1782,..1° femeftre, p. 68, 

M m 2 M. 


268 : Mn Cavenpiee? 6: Account of Jone 


_M. pe. Morvsau’s'acids, tyhich,-as they were concentrated on 
purpofe, were moft likely -ftyonger. than Mr. Me Nap’s, froze 
with a cold Jefs than zero of “FAHRENHEIT 3: whereas the 
freezing point of Mr. M* Nass undiluted'acid, whofe ftrength 
was ,98, was — 15°,and that of the diluted-acid, whofe ftrength 
was 5629, was ~ 36°; and-when the acid was more diluted, it 
_.was found to bear a much. greater cold: without freezing. It 
‘appears allo, both from Art. a1,'and- from M..pe Morveau's 
experiment, that during the cengelation of the oil of vitriol, 
-fome feparation of its parts takes place, fo that the congealed 
part differs in fome refped from the reft, in confequence of 
which it freezes with a lefs, degree of cqldg and as there is 
reafon to think from Art, 21. that thefe two parts do not differ 
much jn ftyength, it fpems as-if the difference, between them 
, depended. on fome lefs ‘obvious quality, and probably on that, 
whatever it is, which forms the difference between glacial 
and common oil of vitriol, The,ojl of -vjtriol prepared from 
| grean, vitriol, has fometimes been obtained. in fych:a ftdte as to 
remain conftantly congealed, except when expofed to a heat 
confiderably greater than that of the, atmofphere, whence it 
acquired its’ name of glacial *. ' It is not kaown indeed upon 
what this property depends, ‘but -it js‘certainly fomething elfe 
than its- ftrength,;. for oil. of vitriol of this kind is. always 
‘fmoking, and ,the fumes it emits are particularly oppreffive 
and fyflocating, though very. different from .thofe of the vola- 
tHe dulphureous acid. ‘On retifigation- likewife ; it yields, with 
the, gentleft eat, al | peculiar -gancrete fubftancs, in-the form of 
filine, ceyftals 5,and after this volatile part has ne drives off, 
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_ the remainder is no i are wa has loft its _ 
_Gwality *, 2 


On the Mixture of Oil of Vitriol and Spirit of Nitre. 


29. This mixture is not fo fit for producing cold by the ade 
dition of fnow, as oil of vitriol alone; for the cold obtained 
did-not exceed — 54°S, in either of the experiments tried with 
it. The point of {pirituous congelation of ‘this mixture, when 
diluted with fomewhat more than one-tenth of its weight of 
water, 15 about — 20°, .and is much lower when the acid is con- 
fiderably more diluted: but as the ‘Society will mioft likely have 
lefs curiofity about the difpofition to fréeze of this ‘rhixture 
than of the fimple acids, I fhall ne the particulars. > 


On the Spivst f Wi ee: 


"30. The rectified fpirits Ne 8. were diluted. arith, fhow, i in 
the fame manner as the other liquors ; but were found not to 
want any, as the firft and only addition of fnow produced 
cold. The ay added was about ..", of the weight of the 
fpirit. 

31. The Spirit thus diluted was ied, like the other 
liquors, into two parts, and each tried feparately. The 
firft was at —45°, before the addition ‘of the {now, and was 
funk by the:procefs to — 56°. The fnow, even at the’ firft ad- 
dition, did ‘not diffolve well, fo that the. fpirit immediately 
 * Cuzte’s Neu, Entdeck. in der Chemie, Th,'11, p. 100. Th. 12. Pe 24%, 
&c. and Annalen, #785, St.'5. p. 438, &c. " 

became 
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became full of white: {pots *, and grew thick by the time ie 
arrived at its greateft degree of cold. After ftanding fome 
hours, the mixture rofe to the temperature of — 39°, and was 
grown cleas, but yet was uot limpid, but of the confiftence of 
fyrup. No cold was produced by adding {now to it in that 
ftate, though: jt appsared thag its point of aqueous congelation 
was at leaft 6 degrees lower than its texpperatyre at that time +f: 
which feems tq thew. that;{pirit gf wige has {carce aay paves 
of diffalving from when it wants even 6 degress of its point of 
aqurans, ¢9n ongelation, aud ther¢fare is another inftapce tha 
{now is diffolyed much lefs readily by. fpirit af wine than by 
the nitrous and. vigriglic. acide. 

32, In trying the othec. part of the diluted, fpirita, the cold 
produced wasipaly — 477%, the gold &t out with being -— 37°. 

33- It appeared by the diluted fpirit of wine N° 143. which 
on December 12 froze by the natural cold of the atmofphere, 
and was treated in the fame manner. as the diluted {pirit of 
nitre, that when highly rectified {pirit of, wine, fuch as N° 8. 
18 dihuted with 1,4, its weight of Water, its point of aqueous 
congelation will be at —21°% The congealed part of the fpirit 
was ‘white like diluted’ milk, and even the decanted part, which 
was fall: of thin films of ice, had a milky hue The fluid. 
part was ftronger than the reft, and no increafe of cold was 
produced! by adding fhow to fome of it, both: of which are 
marks of sci congelation, 


© . This, wa. not the cafe. during the above-mentioned citpsien of. fs {pitite-: 
but the cold was 16- -degrees lefs in that exypeyiment than in thi, 

¥ On account of the dilution which the Spirits fuffered by the melting of the 
inp, which, remained undiffolved at. the. time, of the. greate%, cold, ite, point of 
aqueous congelation was no longer fo.law as — 56°; but it till was pot lefs.thar 
— 45%, 98 in the evening it was found at that temperature, without mugh con- 
gcaled matter in it. 


7s 0 Though 
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Thoegl: che firepette cepdticicatd eonbyat the track of 
whae 1 Rid, im the acéoond of Mis. Hirrbmrits’s exposineted, 
concestiey: the. exult of the cold predéiced by witisin frie 
with different liquors, and intirely clear up the difficulty re- 
lating to it which I mentioned in Art. 1. yet feveral queftions 
may naturally occur; fic 48, @hy the cold produced by the 
oil of vitriol was fo much greater than that obtained by the 
fpirit -of nitre, notwithf{tanding that in warmer climates the 
nitrous acid feetns to producé rioré cold? and why’ the cold 
produced by the ifitrous a¢id, riotwithitanding its previous dilu- 
tion, which might naturally be expected’ td be of fervice, was 
not greater than has been obtained by other perfors without 
that precaution? But as this would lead me ito difquifitions 
of confiderable length, without my being able to fay any 
thing very fatisfactory on the fubject, I thall forbear entering 
into it. I will only obferve, that m moft of the foregoing 
experiments, Mr. Mt Nas would probably have produced 
more cold, if he had added the fnow fafter. We ought 
not, however, to regret that he did not, as its effects on the 
acids would then have been _lefs. fenfible. 

The natural cold, when thefe experiments were made, is re- 
markable; as there were at leaft nine mornings in which the 
cold was not lefsthan that of freezing mercury; four in which 
it was at leaft eight degrees below that point, or — 47°; and 
one in which it was — 50°. Whereas out of nine winters, 
during which Mr. Hurcuins obferved the thermometer at 
Albany Fort, there were only twelve days in which the cold 
was equal to that of freezing mercury, and the greateft cold 
feems to have been —45°. I cannot learn whether the laft 
Winter was more fevere than ufual at Hudfon’s Bay; or whe- 
ther Henley-Houfe is a colder fituation thant Albany, which 

| may 


ay Mr. Cavennrég’s Account, Sc. 
may peshapis be the cafe; forthough it is only 136: miles diftant 
from it, yet it ftands inland, and tothe W. or 3.W.’ of it, 
which is the quarter from which the coldeft winds blow. '-—- 
_ Mr. Me Nas’s original account of the experiments which 
furnifhed the materials of this Paper, having been thought too 
long to be printed in detail, is depofited in the Archives of 
the Society. | - 
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XIV. New Experiments upon Heet. By Colonel Sir Benjamin 
‘Thompfon, Kat. F.R.S. Ina Letter to Sir Jofeph 


Read March 9, 1786. 
DEAR SIR, 


] HAVE at length bepun the courfe of experiments upon 
heat which I have-fo long had in contemplation; and I have 
already made‘a difcovery, which, if not new to you, is perfectly 
fo to me, and which I think may lead to a further knowledge 
tefpeCting the nature of heat. 
Vor. UXXVI. Oo ~~ Examining 
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Examining the conducting power of air, and of various 
other fluid and folid bodies, with regard to heat, I was led to 
examine the conduéting power of the Torricellian . vacuum. 
From the ftriking analogy between the electric fluid and heat 
refpecting their conductors and non- -conduétors (having found 
that bodies, in general, which are conductors of the electric 
fluid, are likewife good conductors of heat, and, on the con- 
trary, that electric bodies, or fuch as arg bad conductors of the 
electric fluid, are likewife bad conduétors of heat), I was led to 
imagine that the Torricellian vacuum, which 1s known to 
afford fo ready a paflage to the eleGtric fluid would alfa nee 
afforded’a ready paflage to heat. | 

The common - experiments of heating and cooling bodies 
under the receiver of an air-pump I concluded inadequate to 
determining this queftion; netenly.on account of the impof- 
fibility of making a perfect void of air by means of the pump; 
but alfo on account of the moift vapour, which exhaling from 
the wet leather and the oil ufed in the machine, expands under 
the receiver, and fills it with a'watety fluid, which, though 
extremely rare, is yet capable of conducting’ a‘ preat deak of 
heat: I had recourfe therefore to othet contfivatices. « 

I took a thermometer, unfilled, the diameter of whofe 
bulb (which was globular) was juft half an inch, Paris 
meafure, and fixed it “in: the’ center of 2 hollow glafs ball of 
the diameter of 1} Paris inch, in fuch a -manner, that the 
fhort neck or opening of the ball being foldered fat to the tube 
of the thermometer 7# ‘lines’ above its bulb, the bulb df the 
thermometer remained fited in the center of the! ball, .and 
confequently was cut’ off from all communication with the 
external air. In the bottom of the-glaft balf was fixed 4 fmall 


eieniid tube or point, — Projecting outwards was —— 
al. -- F to 
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‘tothe end of a common barometer tube about 32 inches in 
length, and by means of this opening the {pace between the 
internal: furface of the glafs ball and the bulb of the thermo- 
meter was filled with hot mercury, which had been previoufly 
‘freed of air and moifture by boiling. The ball, and alfo the 
barometrical tube attached to it, being filled with mercury, the 
tube was carefully inverted, and its open end placed in a bowl 
in which there was a quantity of mercury. The inftrument 
now became a barometer, and the mercury defcending from 
the ball {which was now uppermoft) left the {pace fur- 
rounding the bulb of the thermometer free of air, The mer- 
cury having totally quitted the glafs ball, and having funk in 
the tube to the height of 28 inches (being the height of the 
mercury in the common barometer at that time), with a lamp 
and a blow-pipe I melted the tube together, or fealed it her- 
metically, about three-quarters of an inch below the ball, and 
cutting it at this place with a fine file, I feparated the ball 
from the long barometrical tube. The thermometer being 
afterwards filled with mercury in the common way, I now 
poffeffed a thermometer whofe bulb was confined in the center 
of a Torricellian vacuum, and which ferved at the fame time as 
the body to be heated, and as the inftrument for meafuring the 
heat communicated. 


Experiment N° 1. 


With this inftrument (fee fig.1.T'ab. VI.) I made the following 
experiment. Having plunged it into a veffel filled with water, 
warm to the 18th degree of Rt aumur’s {cale, and fuffered it to 
remain there till ithad acquiredthe temperatureof the water, thatis 

O02 to 
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to fay, till the mercury in the inclofed thermometer’ ftood: at 
18°, I took it-out of this veffel and plunged it fuddenly into 
a veffel of boiling water, and holding it in:the water (which 


was kept conftantly boiling) by: the end of the tube, in fuch.a 


manner that the glafs ball, in the center of which was-the 
bulb of the thermometer, was juft fubmerged, I obferved the 
number of degrees to which the mereury in the thermometer 
had arifen at: different periods of time, counted fromthe mo- 
ment of its immerfion. ‘Thus, after it had remained in the 
boiling water. 1 min. 30 fec. } found the mercury had rifen 
from 18° to.27°. After 4 minutes had elapfed, it had rifen to 
44°23; andattheend of 5 minutes it had rifen-to 43°35, 


Experiment. N° 2. 


- Taking it now. out of: the boiling water I fuffered it to-cool 
gradually in the air, and after it had acquired the temperature 
of the atmofphere, which was that of. 15°R. (the weather 
being perfe€tly fine), I broke off a: little piece from the 
point of the {mall tube which remained at the bottom of the 
glafs ball, where it had been hermetically fealed, and of courfe 
the atmofpheric air rufhed immediately into the ball. ‘The ball 
furrounding the bulb of the thermometer being now filled with 
air (inftead of being emptied of air, as it was in the before- 
mentioned experiment), I re-fealed the end of the {mall tube at 
the bottom of the glafs ball hermetically, and by that means 
cut off all communication between the air confined in the ball 
and the external air; and with the inftrument fo prepared I 
repeated the experiment before-mentioned ; that is to fay, I put 
it into water warmed to 18°, and when it had acquired the tem- 
| perature 
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perature of the water, I plunged. it into boiling water, and 
obferved the times of the afcent of the mercury in the thermo- 
meter. They were as follows: 


| Time Heat 
elapfeds acquired. 
Heat at the moment of being plunged into : 
the boiling water, .  . . j ll 
M. S. F 
After having remained in the bowling water 0 45 27 
I 0 34x’ 
2 10 44r%5 
240 48.3, 
4 0 56,5 
5 oO 60.°,5 


From the refult .of thefe experiments it appears evidently, 
that the Torricellian vacuum, which affords fo ready a paflage 
to the eleétric fluid, fo far from being a good conductor of heat, 
is a much worfe one than common air, which of itfelf is 
reckoned among the worft: for in the laft- experiment, when 
the bulb of the thermometer was furrounded with air, and the 
inftrument was plunged into boiling water, the mercury rofe 
from 18° to 27° in 45 feconds; but in the former experiment, | 
when it was furrounded by a Torricellian vacuum, it required 
to remain in the boiling water 1 minute jo feconds = go feconds, 
to acquire that degree of heat. In the vacuum it required § 
minutes to rife to 487.23 but in air it rofe to that height in 
2 minutes 30 feconds; and the proportion of the times in 
the other obfervations is nearly the fame, as will appear by. the 
following table. 


The. 
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The bulb of the thermometer placed in the 


Torricellian vacuum, 











center of the glafe ball, and 
furrounded by a 


furrounded by air, 


(Exp. N° 1.) (Exp. N° 2.) 
Time -Heat Time Heat 
elapfed. acquired. elapfed, acquired, 
‘Upon being plunged 1 aa 3 13° 18° 
boiling water | 
M. 8. : M. S. : 
After remaining init . 4 30 27 0 45 29 
EE I oO 30x’ 
4 0 441° 2 10 Ady 
5 0 484, 240 48,5, 
———e 4 oO 56.5 





Thefe experiments were made at Manheim, upon the firft 
day of July laft, in the prefence of Profeflor Hemmer, of 
the Ele¢toral Academy of Sciences of Manheim, and Cuartts 
ARTARIA, Meteorological Inftrument-maker to the Academy, 
by whom I was affifted. 

Finding the conftruétion of the inftrument made ufe of in 
thefe experiments attended with much trouble and rifque, on 
account of the difficulty of foldering the glafs ball to the tube 
of the thermometer without at the fame time either clofing up, 
or otherwife injuring, the bore of the tube, I had recourfe to 
another contrivance much more commodious, and much eafier 
in the execution. 

At the end of a glafs tube or cylinder ten or eleven inches in 
length, and near three-quarters of an inch in diameter inter- 
nally, I caufed a hollow globe to be blown 1% inch in dia- 

meter, 
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meter, with an opening in the bottom of it correfponding | 
with the bore of the tube, and equal to it in diameter, léaving 
to the opening a neck or fhort tube, about an inch or three- 
quarters of an inch 1 length. Having a thermometer pre-- 
‘pared, whofe bulb was juft half an inch in diameter, ‘and. 
whofe freezing point fell at about 23:inches above its bulb, I. 
graduated its tube according to REAuMuR’s {cale, beginning at 
o°, and marking that point,-and alfo every tenth degree above 
it to 80%, with threads of fine filk bound round it, which 
being moiftened- with lac varnifh adhered firmly to the tube. 
This thermometer I introduced into ‘the glafs cylinder .and- 
globe juft defcribed, by the opening in. the bottom of the 
globe, having firft choaked the cylinder at about 2 inches from 
its junction with the globe. by heating it, and crowding its fides - 
inwards towards its axis, leaving only an opening fufficient to 
admit the tube of. the thermometer. The thermometer being | 
introduced into .the cylinder ‘in .fuch.a manner that the center 
of its bulb coincided with the center of theglobe, I markeda. 
place in the cylinder, about three-quarters of an inch above’ 
the 8oth degree or boiling: point upon the tube of the inclofed. 
thermometer, and taking’ out the thermometer, I choaked the 
cylmder again in this place. Introducing. now the thermometer 
fpr the laft time, I.clofed the opening .at the bottom of the 
globe at the lamp,. taking care, before 1 brought it to the fire, . 
to turn the! cylinder upfide down,.and to let:the bulb of the 
thérmometer: fall iato the cylinder till it refted upon the lower 
choak in the cylinder. By this means the bulb of the thermo- . 
méter was removed more than 3 inches from the flame of the 
lamp. The opening at the bottom of the globe being now 
clofed, and the bulb of the thermometer being fuffered to 


return into the globe, the end of the cylinder was cut off to 
" 4 within 
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within about half an inch of the upper choak. This being done, 
it is plain, that the tube of the thermometer projected beyond 
the end of the cylinder. ‘Taking hold-of the end of the tube, 
I placed the bulb of the thermometer as nearly as poffible in 
the center of the globe, and obferving and marking.a point ia 
the tube immediately above the upper choak of the.cylinder, I 
turned the cylinder upfide down, and fuffering the bulb of ‘the 
thermometer to enter the cylinder, and reft upon the firft or 
lower choak (by which means the end of the tube of the ther. 
mometer came further out of the cylinder), :the end of the tube 
- was cut off at the mark juft mentioned :(having firft taken care 
' to melt the internal cavity or bore of the tube together at that 
place), and a {mall folid ball of glafs, a little larger than the 
internal diameter .or opening of the choak, was foldered to the 
end of the tube, forming a little button or knob, which 
-gefting upon the upper choak of the cylinder, ferved to ful 
pend the thermometer in fuch a manner that the center of its 
bulb coincided with the center of the globe in which it was 
fhut up. The end of the cylinder above the upper choak 
being now heated and drawn out to a point; or rather being 
formed. into ‘the figure of ‘the fruftum of a hollow cone, the 
end of it was foldered to the end-of a barometrical tube, by the 
help of which the cavity of the-cylinder and globe containing 
the thermometer was completely voided of air with mercury; 
when, the end of the cylinder being hermetically fealed, the 
barometrical -tube was detached from it with a file, and the 
thermometer was left completely fhut up in a Torricellian va- 
cuum, the center of the bulb of the thermometer being con- 
fined in the center of the glafs globe, without touching it in 
any part, by means of the two choaks in the cylinder, and 

the button upon the. end of thetube, wt 
2 | " Of 
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Of thefe inftruments I provided myfelf with two, as nearly 
as poflible of the fame dimenfions; the one, which I fhall 
cal] N° 1. being voided of air, in the manner above defcribed ; 
the other, N° 2. being filled with air, and hermetically fealed. - 
With thefe two inftruments (fee fig. 2.) I made the follow- 
‘ing experiments upon the 11th of July laft, at Manheim, be- 
tween the hours of ten and twelve, the weather being very 
fine and clear, the mercury in the barometer ftanding at 27 
inches x1 lines, REAumuR’s thermometer at 1 S° , and the quill 
hygrometer of the Academy of Manheim at 47°. 


Experiments.N° 3, 4, 5 and 6. 


Putting both the inftruments inte melting ice, I let them’ 
remain there till the mercury in tle inclofed thermometers 
refted at the point.o’, that is to fay, till they had acquired 
exactly the beanies of freezing water or ritelting ice; and 
thea taking them out of the ice! I plunged them fuddenly into 
a large veffel of boiling water, and obferved the time required 
for the mercury to rife in the thermometers from ten degrees 
to ten degrees, from 0° to 80°, taking care to keep the water 
conftantly boiling during the whole of this time, and taking 
care alfo to keep the inftraments immerfed to the fame depth, 
that is to fay, jut. fo deep that the point o° of the inclofed 
thermometer was even with the furface of the water. 

Thefe experiments I repeated. twice, with the utmoft care ; 
and the following table gives the refult of them. 


Vor. LXXVI. P p Ther= 
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4 bermometer N° r, _ Lhermometer N° 2. 

Its bulb half an inch in dia-| Its bulb half an inch in dia- 
meter, fhut up in the center|meter, fhut up in the center 
of a hollow glafs globe, rifof a hollow glafs plobe, 14 
inch in diameter, : void of air,jinch in diameter, filled with 
and hermetically fealed. {airy and hermetically fealed. 

Taken out of freexing water,| Taken out of freezing water, 
and plunged into boiling water. \and plunged into boiling water. 















CEES EEE CTY AS ES CREE 





ee bene 



































Time elapfed. | “seat ine capes eat 
Exp. N° 3. Exp. N° 4. eeaniness Exp. N° 5. Exp. N’ 6. acqunres 
0° °° 
M.S. M. S : M. Ss. °M. 8S. : 
Ost Oo 5! 10 Oo 50 o 30 10 
©'°59 Oo 59 20 035° #+© 3% 20 
1 I 1 2 30 .O4r .D 4t 30 
1 18 1.22. 40 049. 9 53 40 
I 24 1 23 _ §0 I It .0 §9 50 
2 0 I 51 65 "24, 120 #460 
330 3 6 ° 2 4S 2 24 70 | 
11 41° ‘10 27 Oo +-"9 10 9 3 to 
22 44 2t 1=total time} 16. 55 7 3 = total time 


of heating from 0° to 80°. * 
Total time from 0° to 70° : 
N , M. Ss... 
*In Exp. N°3-=L1 3 
In Exp, N° 4.= 10 34 


of heating from 6° to 80°. 
- Total time ftom o° to 70°: 
7 N "M: S. 
n Bxp. N° 6.27 45 
. In. Exp. N° 6.=7 25 





— Medium=1o0 484. ___Medium=7 35 
It appears from thefe experiments, that the conduding 


power of air to that of the Torricellian vacuum, under the cir- 
cumftances defcribed, is as 73% to 10 ot inverfely, or as 1000 
io 


to 702 nearly; for the quantities of heat communicated being 
4 equal, 
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equal, the intenfity of the communication is as the times 
inverfely. 

In thefe experiments the heat paffed through the furrounding 
medium info the bulb of the thermometer: in order to reverfe’ 
the experiment, and make the heat pafs out of the thermo- 
meter, I put the inftruments into boiling water, and let them 
remain therein till they had acquired the temperature of the 
water, that ‘is to fay, till the mercury in the inclofed thermo- 
meters f{tood at 80°; and then, taking them out of the boiling 
water, I plunged them fuddenly into, a mixture of water and’ 
pounded ice, and moving them about continually in this mix- 
ture, I obferved the times employed in cpoling as fotlows. 































Thermometer N° 1. | Thermometer N° 2. 
Surrounded by a Yorricellian vacuum. Surrounded by air. 
Yaken” out of boiling water, and plunged Taken ont of boiling water, and plunge 
into freezing water. into freening water. 
Time elapfed. Time elapfed,. | 
—— Heat loft, | ————-——_-———-~—--——_ |_ Heat loft. 
! Exp. N° 7. Exp.N°8. Exp.N°g. Exp. N° 10. 
| nee iemeenmens —— 
(my 80° omen ee 80° 
M. S. M. S. ‘ M. &. M. S. 
1 2 © 54 79 © 33 o 33 7° 
o 58 I 2 60 © 39 © 34 60 
117 1 18 50 _ © 44 O 44 50 
1 46 1 37 40 O 55 © 55 40 
25 2 16 go 117 1 18 go 
314 3 10 20 1 57 1 57. 20 
5 42 § 59 50 3 44 3 4° 10 
ot obferved. Not obferved. 0 40 10 Not obferved. ce) 


ress 








Total time of cooling from 80° to 10°, | Total time of cooling from 80° to 10°, 





: : M, S. M. ‘S. 
“In Exp. N° 7.2016 4 In Exp. N° 9. =9 49 
In Exp. N° & 1216 16 In Exp. N° 10.=9 4! 

; 77s ie oy eens 
Medium =16 10 Medium=9 45 


Pp2 By 
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| By thefe experiments it appears, that the conducting power 
of air isto that of the Torricellian vacuum as 97% to 1655 
inverfely, or as 1000 to 603. 

To determine whether the fame law would hold good when 
the heated thermometers, inftead- of bemg plunged into freez- 
ing water, were fuffered to cool in the open air, I made the 
following experiments. The thermometers N° 1. and N° 2. 
being again heated in boiling water, as in the laft experiments, I 
took them out of the water, and fufpended them in the middle 

. of a large room, where the air (which. appeared to be perfectly 
at reft, the windows and doors being all fhut) was warm to 
the 16th degree of ReAumur’s thermometer, and the times of 
cooling were obferved as follows. | 




















(Exp. N° 13.) (Exp. N” 12.) 
Thermometer N° 1. Thermoneter N° 2. 
surronnded by a Torricellian vacuum. Surrounded by air. 
Heated to 80°, and fafpended in the open ‘Heated to 80°, and fis Jufpended in the ope 
air warm to 16°. air warm to 16°. 
Time elapfed. Heat loft. Time elapfed. Heat loft. 
— 8° ——— 80° 
M. §. - a M. S.°: ae 
Not obferved. 70 Not obferved. © Te) 
524 60 : O SI 60 
144. 50 1 5 so 
2 28 40 1 34 40 
4 16 ‘30 2 41 30 
10 12=total time employed 6 11=Ktotal time employe: 
n cooling from 70’ tu 70°. in cooling from 70° to 20°. 


' Here the difference in the conducting powers of air and of 
the Torricellian vacuum. appears to be neatly the, fame as in 
the foregoing experiments, being as 65, to-1073 uyverfely, or 
as 1000 to 605. |} could not obferve she-tiene of cooling from 

3 fo ge el 80° 
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80° to 70°, being at that time bufied in fufpending the 
inftruments. 

As it might poffibly be objeéted to the conclufions drawn 
from thefe experiments that, notwithftanding all the care that 
was taken in the conftruéting of the two inftruments made 
ufe of that they fhould be perfectly alike, yet they might 
in reality be fo far different, either in fhape or fize, as to occa- 
fion a very fenfible error in the refult of the experiments; to 
remove thefe doubts I made the following experiments. 

In the morning towards eleven o'clock, the weather being 
remarkably fine, the mercury in the barometer ftanding at 27 
inches 1x lines, REAUMuUR’s thermometer at 15°,, and the hy- 
grometer at 47°, I repeated the experiment N° 3. (of heating 
the thermometer N° 1. in boiling water, &c.) and imme- 
diately afterwards opening the cylinder containing the thermo- 
meter zt its upper end, where it had been fealed, and letting 
the air into it, I re-fealed it hermetically, and repeated the ex- 
periment again with the fame inftrument, the thermometer 
being now furrounded with air, like the thermometer N° 2. © 

The refult of thefe experiments, which may be feen in the 
following table, fhews evideritly, that the error arifing from 
the difference of the fhapes or dimenfions of the two inftru- 
ments in queftion was inconfiderable, if not totally imper- 
ceptible. © | 


(Exp. 


@ 


236 Sir BenyAMin THompson’s 


(Exp. N@ 13.) | | (Exp. N°-f4.) 
Thermometer N’ 1. The fume Thermometer (N° 1.) 
Its bulb half an inchin-dia--|- The glafs globe, containing 
meter fhut.up in the center of {the bulb of the thermometer, 
a glafs globe 14 inch in dia- [being now filled with air, and 
meter, worded of: air, and her- | hermetically fealed. 
retically fealed. [ j 
. Taken out, of freezing water,| Taken out of freexing. water, 
and plunged into boiling water. | and plunged into boiling water. 


PD TES Cec IS CLE, ATS 








Time clapfed. Heat acquired. . Time elapfed. Heat acquired, . 
2 eae "+ Qe. oft. 

Mig ee | M. S. : 
O55 10 Oo 32 — 10 
255 ° 20 O 32 20 
LF ~ 39. ee > Pre) 

aS 49. ae QO 5°. 40 

1.29 .. 50 . lL 3F 50 

2 3 60 ne ory 60 
3 31 70 2 38 - 

13 44 . $o | Io 25. o- 

24 48 = total time of 18 5 = total time. 
heating from 0° to 80°. -{ heating from 0° to 80°. 
Total time from 0° to 70°= | Total time from 0° to 70°= 

rr’ rig »/ 40". 





It appears, therefore, from thefe experiments, that the con- 
ducting power of common atmofpheric air is to that of the 
Torricellian vacuum as 745 to 11,4, inverfely, or as 1000 to 
602; which differs but very little from the refult of all the 
foregoing experiments. | 

Notwithftanding that it appeared, from the refult of thefe 
laft experiments, that any difference there might poflibly 
have been in the proportions or dimenfions of the inftruments 
N° x. and N° 2. could hardly have produced any fenfible error 

: in 
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it -the cefalt, ef the experiments in queftion; I was wilhiig, 


hewever, to fee how far any confiderable alterations of fize in 
the inftrument would affect the experiinent: I therefore pro- 


vided myfelf with another inftrument, which I fhall call Ther- 


mometér N° 3.' different from thofe already defcribed in fize, 
and a little different in its conftruCtion, 

‘The bulb of the thermometer was of the fame form arid 
fize as in the inftruments N°.1. and N° 2. that is to fay, it waé 
globular; and half-an iich in diameters byt the glafs globe, 
in the center of. which it was confined, was much larger, being 
3 inches 7$. lines in diameter; and the bere of the tube of the 
thermometer was much finer, and confequently its length, and 
the divifions of its fcale, were. greater. The divifions were 
maiked upon the tube with threads of filk of different colours 


at every tenth degree, from 0° to 80°, as in the before-men- _ 


tioned inftruments. The tube or cylinder belohging to the 
irae nee was 8 lines in diameter, a little longer than the 
tube of the thermometer, and perfectly cylindrical from its 
upper end to its jun&ion with the globe, being without any 
choak ; the thermometer being confined in the center of the 
globe by a different contfivance, whith was as follows. To 
the opening of the cylinder was fitted a ftopple of dry wood, 
covered with a’ coat of hard varnifh, through the center or 
axis of which paffed the end of the tube of the thermometer : 
this confined the tube in the axis of the cylinder at its uppet 
end. ‘Fo confine it at its lower end, there was fitted to ita 
{mall fteel fpring, a little below the point 0°; which, being 
confined .round the tube of the thermometer, had three elaftic 
points projecting outwards, which prefling againft the infide 
of the cylinder, confined the thermometer mits place. The 
total length of this inftrument, from the bottom of the globe 

to 


me 
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ta the upper end of the cylinder, was 18 inches, and the freez- 
ing point upon the thermometer fell about 3 inches above the 
bulb; confequently it lay about 14 inch above the junction 
of the cylinder with the. globe, when the thermometer was 
confined in its place, the center of its bulb coinciding with the 
center of the globe. Through the ftopple which clofed the 
end of the cylinder paffed two {mall glafs tubes, about a line 
in diameter, which being about a line longer than the ftopple- 
were {topped up occafionally with fmall {topples fitted to their 
bores. Thefe tubes (which were fitted exactly in the holes 
bored in the great {topple of the cylinder to receive them, and 
fixed in their places with cement) ferved to convey air, or any 
other fluid, into the glafs ball, without being under a neceflity 
of removing the ftopple clofing the end of the cylinder; which, 
in order to prevent the pofition of the thermomteter from being 
eafily deranged, was cemented in its place. 

] have been the more particular in the defcription of thefe 
inftruments, as I conceive it abfolutely neceflary to have a 
perfect idea of them in order to judge of the rn made 
with them. 

With the inftrument laft defcribed (which I have called 
Thermometer N° 3.) I made the following expetiment. Ie was 
upon the 18th of July laft, in the afternoon, the weather va- 
riable, alternate clouds and fun-fhine; wind ftrong at S.E. 
with now and then a fprinkling of rain; barometer at 27 
inches 10% lines, thermometer at 18°3, and hygrometer va- 
riable from 44° to extreme moifture. . 

‘In order to compare the refult of the experiment made with 
this thermometer with thofe made with the thermometer N° 2. 
I have, in the following table, placed thefe experiments by the 
fide of each other. 

(Exp. 
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(Exp. N’ 4. and 2 ‘SJ. 
Thermometer N° 
Its bulb half an inch in diameter, fhut up in 
the center of a glafs globe, 1 inch in dia- 
meter, and furrounded by afr. 
Yaken out of freezing water, and flanged int 
‘Boiling water. 


(Exp. N° 15.) 
Thermometer N° 3. 

Its bulb half an inch in dia- 
meter, fhut up in the center of 
a glafs tube, 3 inches 7% lines 
in diameter, and furrounded by 
ar. 

Taken out of freesing water, and 
plunged into botling water. 
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lf the: sects of thee ee with the thermome~ 
ters. N22; and. N* 3: furprifed me, 1. was net lefs) furprifed 
with: their difagreement wu the’ experiment: ‘which follows. 


. a a - 


oR cine tis _ Experiment N’ 16. 

. "Waking the theremin Nf 3. out of the bailing water; of 
heianadianipes fafpended. iti the! middle: of a large ‘room, 
wher thtsdir] .which;wds gniet;, had- the-tetmperature ‘of-18°§ 


RL and: abledvdd the ‘ames oft:coojing ‘as: follows:t'--~ 


NVot.LXXVL # Qq "Time 
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‘Time elapfed, Heat loft, oe 1 (ar : rar 
— 80° L | " coda 6 * ' 
M. S. © : za Cs 
" 55 las ! i! = : 
“OO 12 60° | 
eee Te, ee : 
» 2 15 42 a 2 | ; ye 
©'- F . cy ‘ t { 2 o ‘3 
4 3 | 





: 9 55 = total time of. ‘copling from B08 to 30”. 

‘Fime from 70° to: 30°=8%0"; but in the experiment N° 
12, with the thermometer N° 2! the time employed in “Cooling! 
from 70° to 30° was only 6’ i er n this experiment, | with 

the iasnionnetes N°'3. the time employed in cooling from 60° 

to 50° was 7° 48’; bat in the apore: penrones experiment, with. 
the thermometer Né 2. it was only 5/:20”. ..It is true, the air of 
the room was fomewhat cooler when the. former ‘experiment! 
was-made than wher this-fatter-was-made-with the therto- 
meter N° 3.; but this difference of temperatuse, which was 
only 2°% (in:the formet cafe the thermometer! in the .room 
ftanding at 1.6°, and in the. latter. ati 1894) certasnly could. nov 
have occafioned the whole of the apparent difference in the 
refults of the experiments,. — 

Does air receive heat more readily than i it parts with it? This 
is a.qyieftion , highly deferving of further inveftigation, and I 
fhall. not fail to give jt a’ full examination ‘in-the courfeiof my 
projected inquiries, but leaving it for the prefent, I-thalliproceed 
to give an account of the experiments: which ib-have already 

, Made *. 
It 

. Conceiving it to be a ftep of confiderable importance towards coming 8 at a 

r ty ae 2 - farther 
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- It having been my intention from the beginning to examine 
= ae powers: of ‘the artificial airs or gaffes, the 
Se os : thermometer 


Further knowledge of the -naturs of heat, to afcertain, by indifputable evidence, 
. ite paffage through, the Torricellian vacuum, and to determine, with as much 
precifion as pofible;. the law of its motions in. that medium ;-aad being appre- 

henfive that doubts might arife with refpe& to the experiments before defcribed, 
on account of the-contact of the tubes of she isclnfed thermometets in ithe 
Apftruments made ufe of with the containing glafs globes, or rather with their 
-cylinders; by which means it niight be frfpected, that a certain quantity, if oot 
all the heat acquired, :might -pofiibly be communicated: to put this matter 
-beyond all doubt, J matie the following experiment... .. 

: In the midd}s, of a-gials body, | of -a: pear-like form, about 8 pias and 
ah. inches in ite'grenteft diameter, I- fufpended a forall mercurial thermometer, 54 
doches loug, by a fine thread.of Aik, in fach a manner that neither the bulb.af 
the therarometer, nor its tubs, touched! the containing glafs body to any part. 
-Fhe,qube of the thersvometer -whs.gradusted, aod’marked with fine threads of fk 
$f different colours bound round: it, .as. in ‘The ‘thermometers belonging to the 
wotber infguments. algeady defcribed; asid. the thermometer was fufpensied ‘ih. its 
-place by means. ofa fmail feel fpring; to which the end of the thread. of fk 
which held-the themthometer being! abtached, it (the {pring) was forced into a 
{mall globular protuberance or cavity, blown in the upper extremity of the glafe 
-bndy, about half an inch in diameter, where the {pring romaining, the thermo- 
speter noceffarily xeraained fifpended in . the axis of the glafs body. There was 
an.opening at the battom of :the giefebody, throwgh which the thermometer was 
introduced; aad a barometrical tube being foldered to this opening, the infide of 
the, glafe body wat voided of ‘ait: by, médne of mercuty; and this opening being 
afterwards fealed hermetically, andthe barometrical tube beiag taken away, the 
theemometer was left Sufpeaded-in a-Tarricellign vacuum. t 

-- Jn'this inftrument, se the iaclofed therniometer did not touch ise soning 
giafehody in eny part,- on. the nenteary, being. diftant from its internal. furface a 
inehier merein svery part, itis clear, that. whatever heat, pefied sate or ont of the 
thenmometdr muft thaveipaGad. sbromgb,.the furrbuading .Torricellian vacuum: for 
it cannot: be -fuppiofedy thiat’ slic: fino! threat of Gilk, by which the thermotneter 
weas fulpended, -was. capable of-comdudting any beat at: all, or.at leaft any fenfibls 
i peeal I therefore flattered myfelf with hopes of being able, with. -the 
a ae Qg 2 affiftance 


& 
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thermometer N° 3. was caonftruéted. witha view ‘tq thofe expe 
riments; and having now provided. myédelf -with a. docks of thofe 
different kinds of airs, I began with fixed air, with which, by 


-afitance of thie inftrament, to determite pofitively with regkrd te the paffage of 
‘heat inthe Torricelhan vachum: and thie, I think, Ihave done, netwithftadding 
that an unfortunate accident put it out of. my aoe to ees the a a fo 
far as } intended. 
This inftrnment being fitted to a fenalt dane ‘ot feot of : ae in fuéh a manher 
that the glafs body resiained in a perpendicular Htuation,' I placed it in'‘my room, 
‘by the fide of another inclofed thermqintted .(N° :2.), whitch way forréanded by 
air, and. obfesved the efe@‘of the vartatiogn of heat inithe utihofptiere. “3 foon 
‘difcovered, by the motion of. the mergary;, ithe inclofell’ thérmometer, tht ‘the 
heat patted through the'Torricellian vaspum }° bat it: appaated: pidintly from -the 
Ruggithaeds.or great infenGibilisy of sheoqherdhameter, ‘shite tia: lidar puffed with 
much greater difficulty in:this medium chaz ia tormon air.’ Fndw ptangett both 
the thermometers into a bueket of edid hater; andi I obfcived: tat: the mercury 
in the thermometer furrownded by alc defvended.:much..fetter ‘thin ‘that in“'the 
‘thenngmeper furrounded by the Torricellign vacuum. I-dooh-/them ‘dut of the 
cold.water, aad plunged them into'a veiled af: hoo walter (towing Wo conveniences 
at-haad to repeat the experiment in-form mith: the fredzing an&veith the boing 
water); and the thermometer farrownileds by the Forriedien vacuum appeared 
Kill: te be much more infenfible or @uggilli than that: furvowaded bg airs 
’ ‘Thefe trials were -quite fufficient td couvince me of the paige ef ‘heut it: the 
‘Torricellian vacuum, and-.alfo of the! greater difficulty ‘oftive paffape in- that 
medium than it comnion: airy but, not fatisied to: ret my inquities-hese, “Reook 
the Grit: opportunity ‘thae offered, and fet miyfelf to repeat: thd extpuriaionte which 
J -had before made with the: iaftraments N° 1..and: N° a! ‘Inplanged this inftre- 
mhent jnto freezing water, where :I let it: rémbin: till the. mercury ia the inclofed 
thermometer had defcended'to ofy wheny taking. ow,of the freezing water, I 
plongéd:it fuddenby Into a vellel of boiling: water, and prepared myfelf to. obférve 
the afcent of the mercury in the inckefed theratometer ain the foreguing experi 
mente; but unfortunately the: moment.the.end of the giafs- body touched the 
boiling water, it cracked with: the heat atthe point whore, it had -been hermetically 
féated, and the water’rofhing into the: body, ‘fpoiled. the etperiment: asd I: have 
not fince had an opparenairy of providing: a with. another inftrument to 


os i§ - + 
% . ‘means 
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xncans ‘of water, “E:filléd the blobs ‘aed spindle ontainin® ‘the 
tharmometes ;. dnd tapping: ap the tiwo holes th the great Rope 
pie'clafing the endiof the(cylinddy,. £ exsofed the inftruthentid 
freezing water. till the mercur} inthe inclofed thetmotnetér-had 
defcended.to 0° s ‘when, tahihg” is!-out of che fikdeeinge watts, 
I plonged ic ‘mtovd latge.vefiel: of boiling watery ahd prepared 
myfelf to obferve the times of.‘heatiny, as inthe forinet cales ¢ 
but at accident happened, which fuddenly:. put Wf ftop* to-fhé 
experimtot. “Immediately 'upbn, plunging the-iiftament” intd 
the hbiling weter, the mercory bépin to rife th the thermometer 
with. fiich uncominon célerityy chav: it had paffed’the fir divis 
fom mpon the mnbe- (whith murked the toth déstee, ‘according 
ti Reaunuae’s {talc)' before: Iodral aware uf. its being yet iti 
Ehotion’; and-havifig’ thts -ntiffed the. opportenity ‘af oblerving 
the tine ¢lapitd when the ‘mtroaty arcived!'af that point,’ I 
was prepariap ta obferve its paffawor -the nxt}! WHen all 6fid 
fedden the ftopplecclofarg the:end bf ‘the eplinder was bidwit 
up-the chimney with a gteat explofion, avd he theritignierdr) 
which, being! ceribnted to it:byikgieube, wi akan “along aabt 
at, and was broken te pieces; andidéftroyed Infeswalc 2 Tae y- 

. This unfortunate experiinent, ithough it! puta ftop ‘for ‘the 
time’ to the intpuiies: propoftd, opened; the Way to ovtitr dee 
fearches riot lofs itstebefting. : Sulpe®tiny? that chee plafiott was 
Odeafioned by ithe: rarefattion of the? wated “WHIGh ‘raanied 
atshthed: ta theinfide.of the dlobd and eyliader'after the ope 
ratiqn: of filling: thead wathi:fided: ‘air s1akd? thinking i¢ ttioke 
tHan- probabid, that. the unicomméa teedeaeye with when are 
mertury rofe in the thermometer; was. ptidelpulty ‘owing’ %¢ 
the fae: caufeis Iwas led tovekantihe thie! corns Powe bE 
mel aie a hgieunime ~~ J dauods rt ic lolg ous 

og Fe. eM Ig Tet aTOLd it 2 13 10 Upgh 
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. "For this oxpertment: I. pgovided njyfelfimwithna new thermo: 
ameter N° 4;- thé bulb. of which, being ‘ofthe; fame form as 
thofe alreaply: defcribed /vé. globular) was.alfo of the fame fize, 
or ‘half an inch in diameter. To receive this. thermometer 
a glafs cylinder was provided, 8 lines in diameter, and about 
a4-inches long, :and terminated at one end by a globe 14 inch 
in diameter. In,the centerof this globe the bulb of the ther- 
mmometer was confined, by means of the {topple which clofed the 
end of the cylinder; which-{topple, being near 2 inches long, re- 
ceived the end of the tube of the thermometer into a hole bored 
thropgh its. center-or axis, :and confined the thesmometer. in its 
place, without-the. affiftance of: any otlier-appdratus.. Through 
this {topple twa ather {mall holes were’ bored; and lined with 
thm glafs tuhes,.as. in the’ chefrnameter N®* 3. opening ‘a paf- 
{age into the cylinder, which hales were occafiondlly. ftopped 
up, with fome ftopples of cork; but to prevént:accrdents; ‘fuch 
as,.t.bad-befors experienced from atx explofiony;gréat care was 
taken-not to prefs thefe {topples into their places; with any:con- 
faJesable force,’ that they might-the mote eafily be: peietee out 
by any confiderable effort. of: the.confined airs: 0.0). 

Though 3 in this-inftrument the thermometer) was noti 5 illo 
an Es fteady j ip its; pllace.as ish. the thermometers: N° s; N?.2; 
and. N° 34 the ojafticity of the-tube;. and. the: weight of the 
mercury in the bulb. of thé; thermometer, : ocdafioning a {mall 
vibgation or, trembling pfisthé. thertaometér upoii any fudden 
motion or jars: yet. E, preferted:this method ! tothe. others; .on 
account of the lower past of:this.thermiometér .bbing “igtiely 
free, oF Apfpaaded, dn-fuch a-sasmer-.as notitoctouch, gr have 
any communication , withs thastowed gartrof theucylinder or 
the globe : for though theoguentity, bfiheat received by ‘the 
tube of the thermometer at its contact with the cylinder at its 

choaks, 


= 
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Choaks, in thé inffruments. N*: r,t and N® 2. or -with: the 
branches of the fteél {pring in®N'4, 4nd from thence commu-i 
nicated-to the bulb, mliftthavé beeh: ‘exceedirighy {mall ; yet E 
was defirous to prevent even that, ard every: other: ‘potible’ 
error or inaccuracy, however finally that ~~ oe: . 3 


@ 
rt 


Does humidity augment ike condpéting power. a air 3 7 nf 
To determing this queftion,.J, made the. following experiy 
ments, the, weather being clear. and fine, the mercury inthe, 
barometer ftanding at 27 inches’ 8 ness the thermometer af; 
19°, and the hygrometer at 44°.. a ee 


(Exp. N° 17.) (Exp, Ne 18.) aes 

- Fhermometer N° 4. - | The fame ‘bermometer (Ne) ; 

| Surrounded by air ‘ry tothe | Surrounded by air ‘rendered} | 

44th degree of the quill hy- fas mosf as ‘poffible by wetting! ' 

prometer of the Manheim }the infide of the cylinder and 
Academy. globe with water. 

| Taken out of freezing water, | — T. aken out of freeing water, 

and plunged into boiling water. |and plunged into boiling water. 
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. From thefe, experiments, it. appears, that the condufting 
power of ais is'very much iocreafed by humidity. ‘To. fee. if 
the fame refult would obtain when the expetiment was re- 
verfed, I now took, the thermometer with the moif as out of 
the boiling water, and plutiged; it into frosging. water; and 
moving it about continually from place to place in the freezing 
water, T obferved ‘the tires - of cooling;: as ° fet down in the 
following table: -‘N. B. To compare the ‘refult of this experi- 
meat with thofe tiade with dy air, } have placed on one fide 
in the following tablé the experiment in queftion, and-on' the 
other fide the experiment N® 19. made’ with the therme- 


meter N° 2; mee ee ch a cea 




















xp. N19.) - (Exp. N® 10.) 
_ Thermometer N° a, |. Thermometer ro 
‘Surrounded by moift air, Surrounded by dry air. 





Taken out of boiling water, 


; Taken out of boiling. water, 
and, plunged inte foreaing water. 


ng | plunged s into freezing water. 


















Time clapfed. Heat lott. Time. elapfed. - "Heat loft, 
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9 8 = total time of 
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fooling from 80° to 10°. 





" Though . a. Hiei th whole Saaae cooling: frena) 


gS = «a se~em te 


80° to 10° in thefe two experiments appears to have been very 
me, {mall, 
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fmall, yet: the difference of the times taken up by the firtt 
twenty or thirty degrees from -the boiling point is very re- 
markable, and fhows with how much greater facility heat 
patles in moift air than jn. dry air. Even the flownefs with 
which the mercury in the thermometer N° 4. defcended in 
this experiment from the goth to the 2cth, and from the coth 
to the 10th degree, I attribute in fome meafure to the great — 
conducting power of the moift air with which it was fur- 
sounded ; for the cylinder containing the thermameter and the 
mot az, -being not wholly fubmerged 3 in the freezing’ water, 
that past of at which remained out of the water was neceffarily 
furrounded jby the air.of the atmo{phere ; 3 which being much 
warmer than the watery, sammunicated of its heat ta the glafs ; 5 
which, pafiing from Ahence into | the contained mojft fir’ as 
{gon .as ,that pir became .calder than’ the external air, was, 
through that medium, sormmunicated to the] bulb ,of the in- 
slofed thenmaqmeter, which prevented its cooling fo fatt as “Ht 
svonld.othenwife axe done. But when the weather beconies 
soll, 1 propafe to sepeat this experiment with variations, if 
fych @ manper.as to pyt-the matter -beyond all doubt. ‘In the 
mean tame I cannot help abferving, with what infinite wifdom 
and goodpefs Divine Providence appeats to “have guarded us 
agtinh the evil effects. of exceflive heat and cold jn the atmo- 
‘el for if it syere pofiible fpr ma alr. to be equally damp 


dp in Contapes ‘eomiatioanen eel cpafequently i its apparent 
soldnefs, shan applied to our bodies, would be fo much in- 
reseds by fuch. an additional degree of moifture, that it 
-wanld -becmme- quite dntolscable ; but, happily for us, its 
power ito hgld - water .in folution 1s diminithed, and with | it its 
power tp qb mus of ope animal heat, -in proportion as its 

Vor. LXXVI. Rr coldnefs 
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coldnefs is increafed. Every body knows how very difagreeable 
a very moderate degree of cold is when the air is very damp; 
and from hence it appears, why the thermometer is not always 
a juft meafure of the apparent, or ferifible heat of the atmo- 
fphere. If colds or catarrhs are occafioned by our bodies being 
robbed of our animal heat, the ‘reafon i is plain why thafe dif- 
orders prevail moft during the cold autumnal ‘rains, and upon 
the breaking up of the froft in the fpring. It is likewife plain 
from whence it is that fleeping in damp beds, and inhabiting 
damp. houfes, is fo very dangerous; and why the evening air is 
fo pernicious in fummer and in autumn, and why it 1s not fo 
during the hard frofts of winter. It has puzzled many very 
able. philofophers and phiyficians to account for the manner in 
which the, extraordiriary degree or rather quantity of heat is 
generated which an animal body is’ fuppofed to lofe, when ex- 
pofed to the cold of winter, above what it communicates to 
the furrounding atmofphere i in warm fummer weather; but is 
it not more than probable, that the difference of the quantities — 
of heat, aétually loft or communicated, is infinitely lefs than 
what they have imagined? Thefe inquiries are certainly very 
interefting ; and they are undoubtedly within the reach of | 
well contrived and well conduéted experiments. But taking | 
my leave for the prefent, of this curious fubje&t of inveftiga- 
tion, I haften to the fequel of my experiments. 

Finding fo great a difference in the conducting powers of 
common air and: of the’ Torricellian vacuum, I was led to 
.examine the conducting powers of common ‘air of different 
degrees of denfity. For this experiment I prepared the ther- 
-mometer N°. 4. by ftopping up one of the {mall glafs tubes 
paffing through the ftopple, and opening a paffage into the 
cylinder, and by fitting a valve to the external overture of the 

other, 
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other. The inftrument, thus prepared, being put. under the 
receiver of an air-pump, the air pafled freely otit of the globe 
and cylinder upon working the machine, but the valve above 
defcribed prevented 1 its return upon letting air into the receiver. 
The gage of the air-pump fhowed the degree of rarity of the 
air under the receiver, and confequently of that filling the 
globe and cylinder, and immediately furrounding the thermo- 
meter. 

With this inftrument, the weather = clear and fine, 
the mercury in the barometer ftanding at 27 inches 9 lines, the 
thermometer at 15°, and the bygrometer at 47°, I made the fol- 
sites i ata . 


(Exp. N® 20.) _ (Exp. N° 21.) (Exp. N° 22.) - 
Thermometer N° 4. Thermometer N° 4 Thermometer N° 4 
Surrounded by commonj Surrounded by air rare-} Surrounded by air rare- 
air, barometer ftanding at|fied by pumping till the]fied by pumping till th 
27 inches 9g lines. barometer-gage fteod at barometer-gage -ftood ai 
6 inches 11$ lines, t inch 2 lines. 
Taken out of freexingsva-| Taken out of Sreening wa-| Taken ont of freexing wa. 
ter, and plunged into boiling\ter, and planged inte boiling\ter,:and plunged into boiling 























waeler, water. water. 
Time., . Heat. | ., Time Heat — Time Heat . 
elapfed. acquired. elapfed. acquired. [ elapfed. acquired. 
— 0° — . oO _—_ °° 
MS +. 4 §. MS - 5 .-§- M.S. a 
© 31 10 O3r ° 10 © 29 10 
© 40 20 ' 0-38 - - 20 ' @ 36 20 
O41...;. 30, . 044°, 39 -f O49 -' jo 
O47. . 40 . O 5! 40 =r ir ° 40 
ar Say es <- s nr <°) sas EIR. © §0 

I 25 60 | I 19 60 - $24. 60. 

228 , 70 2 27 7° "2 4I 7O © 
z0 17 80. - "IO 25 80 —_._ | not obferved. 80 
Some ED , iene 

7 36=total time of 7 37=1otal time of 7 §1=total time of 


heating from 0° to 70°. [heating from 0° to 70°. jheating from 0° to 70”. 
A 
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The refult of thefe experiments, 1 confefs, furprifed mé 
not alittle; but the difcovery of ttuth being the fole object of 
my inquiries (having no favouflte theoty to defend) it brings 
no difappointment along with it, undet whatevet unexpected 
fhape it may appear. I hope that furtlier experiments may lead 
to the difcovery of the caufe why thete is fo little difference lit 
the conducting powers of air of fuch vety different degrees of 
rarity, while there is fo great a difference in the conduching 
powers of air, atid of thé Torricellitn vacuum. At prefént, 
i thall not venturé any conjetuies upon the fubject; but in the 
mean time I dare fo dffert, that the experiments 1 fidve imade - 
may be depended on. 

The time of my ftay at Manhetm being expired (having had 
the honour to attend thither his moft Berene Highhefs thé 
Elegtor Palatine Duke of Bavaria, tty’ mioft Gracietis Matter, 
in his late journey), I was prevented from purfuing thefe in¢ 
buiries furthér at that time; but I fhall not fail to recommencé 
them the firft leifart time I can find, which I fancy will bé 
about the beginning of the month of November. In the medi 
time, to endblé myfelf td purfue therh with effect, I ant 
(paring neither labour nor expencé fo provide 4 complete appa 
batus neceflaty for my purpofe+ atid his Electoral Highneft 
has been gratioufly pleafed to order M. AnrAgra (whto is it 
his fervice) ts Come’ to Munich ‘to affift me With {ach 4 
Patron as his moft Strene Highnelf, and with fuch an affiftant 
as ARTARIA, | fhall go Gti in ny urfuits with chearfulnefs 
‘Would to Ged that ny labours might bé as ulgful to > others ab 
they will be pleafant to me! 


"fo thall conchiide this eter With a Mhort zcount of fome 
experiments I have made td detétmine the conducting powers 
4 of 
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of water and of mercury; and with a table, fhowing at one 
view the conducting powers of all the different mediums 
whith I have exarhihed. 

Having filled the glafs globe iriclofing the bulb of the ther- 
mometer N° 4, firft with water, and then with mercury, I 
inade the following experiments, to afcertain the conducting 
powers of thofe two fluids. 


_ (Exp. N° 2 23) (Exp. N° 24, 25, and 26.) 
Thermdmerrt O° 4 Thermometer N° 4 
Serrounded by oti " Surrounded by mercury. - 


Taken oxt of freezing water, and Taken ont vf freezing water, and plunged iat 























plaiged tntd bothing enter: boihing water. 
Time elapfed, 
Tithe dashed. Fiéat aeguissd. sori ty init mere 
: ~ > GEspNeage Bxp.N'2g. Exp.N°s6. 4 : 
Mi &.. s ' § M. & MS». Mz. $. ce 
O1 . 10 : oO § oO 5°: : 0 § 10 
of 26 o4 6% ““'O°§° ‘20 
6. 9 .. 30 o G. Oikos. OO A! Be 
"Orr 40 oO 4 O 5 -., Oo § 40 . 
615 LX 6 4 o' 4 “oO 7 $0 
O 21 60 9 9 og . ‘oo 8. ,-& 
© 34 7° O15 oO 2 O 14 fe) 
2 13 80 Not obferved. O § Not obferved. 380 
I 57=—total time of heat- | © 41 O 31 © 48=total times 
ing from 0° to 70°. of heating from 0° to 70°. 


The total times of heating from 0° to 70° in the three ex- 
periments with mercury being 41 feconds, 31 feconds, and 
48 feconds, the mean of thefe times is 36% feconds ; and as in 
the experiment with water the time employed in acquiring 
the fame degree of heat was 1’ 57’=:117 feconds, it appears 

from 
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_ from thefe experiments, that the conduéting power of mercury 
to that of water, under the circumftances defcribed, is as 363 
to 117 inverfely, or as 1000 to 313. And hence it is plain, 
why mercury appears fo much hotter, and fo much colder, to 
the touch than water, when in fact it 1s of the fame tempera- 
ture: for the force-or violence of the fenfation of 4ot or cold 
depends not intirely upon the temperature of the body exciting 
in us thofe fenfations, or upon the degree of heat it a€tually 
pofleffes, but upon the guantiy of heat it is-capable of commu- 
nicating to us, or receiving from us, in any given fhort period 
of time, or as the intenfity of the communication; and this 
depends in a great meafure upon the conn ny powers of the 
bodies in queftion. 

The fenfation of Jot is the entrance of heat.into our bodies ; 
that of co/d is its exit; and whatever contributes to facilitate 
or accelerate.this communication adds to the violence of the 
fenfation. ' And this is another’ proof that the thermometer 
cannot be.a juft meafure of the fenfible heat, or cold, exifting 
in bodies ; or rather, that the'touch does not afford us a juft 
indication of their real temperatures. . 











s. Vol. LXXVI.TabVI.p. 302. 
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A Table of the conduéfing Powers of the under-mentioned 
Mediums, as determined by the foregoing experiments. 















eae Thermometer N° 4. 
Taken out of freezing water, and plunged into boiling water. 
Time elapfed. 
sr a (i. | a ae a - - 7 
aeal deg (ews sks | .3 E 
fol ole lestielse | ds é 
gi | £24 [G20 [eee | 34 : 
‘c : oO. = = ea D. ] 
rst] ED x g 0 RS oc § » S 
FzalS a) e~e java] aA . 
Guam pate Gare meusenaunn . °°? 
M. M. S. M. S. | M. S. a 
O 52 oO 3! © 29 o 6 10’ 
oO 53 © 40 © 36 o 4 20 
1 3 O 4! © 49 o § 30 
1:18 O 47 ir. °o 9 40 
I 25 1 4 Ir }| 018 O | 
I 58 I 25 I 24 o 26 fe) 
.3 19 2 20 2 3! © 43 70 
U1 3 10 17 ——e 80 
(eaters? braces . to] ae = 
10 530 7 36° 7: 37° 7 5k USE) OU 57° 2365 = t0- 


3 
al times of beating-from 0° to 70°. , 


In determining the relative condudtin, & powers of thefe me- 
diums, I have compared the times of the heating of the ther- 
mometers: “from 0° to 70° inftead' of taking the whole times 
from 0° to 80°, on account of the’ {mall variation in the heat 
of the boiling water arifing from the variation of the weight 
of the atmofphere, and alfo on account of the very flow‘mo- 
tion of the mercury between the .7oth and the‘8oth degrees, 
and the difficulty of determining the precife moment when 
the mercury arrives at the 8oth degree, | 


Taking 
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' Taking now the conducting. power of mercury = 1000, the 
conducting powers of the other mediums, as determined by 
thefe ex experiments, will be as follows, Ui. 


a Mercury ° ° 6 1000 
: Moitt air ‘ ‘ 330 - 
Water, ss : 313 : 


Common au, denfity = t 80,65, : 
Rarefied air, ours ‘ 80rty 


Rarefied air, denfity # 2, 73 
The. cunieepens vacuum 55 


Aad 3 in thef¢ proportions ane the quantities af heat which 
thefe different mediume are capable of tranfimiteing in any 
given time; and confequently thefe numbers express the rela- 
tive yenpble tamperatures of the ‘mediums, gas well as their con- 
fuding powers. Hdw far ‘thefe decifions will hald good wonder 
a variation pf cireutnftanges' experiment only gan determine, 
This is certajnky a: fubje& ‘of inveftigation not lefs. curieys jn 
btfelf than it is interefting to mankind ; ;.and I wafh that what J 
have done may induce. others to turn their attention to thid 
Jong. neglefted figld of; experimental inquiry, . For m my own 
part, Iam determined not to. quit it. 

_ In the future. profecution. of thefe inquiries, ‘TI do not’ mean 
to ronfing myfelf {olely to the determining of the condudting 
powers af fluids; on, the, contrary, folids, ind’ particularly 
fabjetts of my future, “experiments,. J have’ indéed Already 
begun thefe refearches, and bave- ‘made foie progiefs. in ‘them 3 ; 
but I forbear to anticipate A: ‘matter which I i ad ‘for! the 
fubje& of a future commuiiication. 


ies 
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XV. Hiflory and Difection of an extraordinary Fatrafujtepsion, | 
a ; aBy Jobo Coakley Lettfom, M, D. F, R. S. and lS, 


Read Masch 16, 1 786. 


B. a child four years old, was firft indifpofed about the 
middle of September, 1784. When I was confulted, 
which was on the 7th of Ofober, the fymptoms refembled 
thofe of a cholera morbus. At this period, however, the 
diarrhoea had ceafed; but the patient Roneinnees ‘Hcjuently to 
vomit, efpecially after taking noutifhment, 
On the 2oth a dyfentery fucceeded; with miicous art Hesdy 
ftools, which“‘teafed after a few days continuance, when fd 
nearly recovered her former ftate of ‘health; without éval 
reaching after her wfual food. She was ‘now ‘rechoved Sntd 
the country; “and I did ‘not hear ‘of het again till Dedeid 
ber, when fhe was brought to town, on account of the ittiti 
of the dyfentery, which was, at this period, a¢companied with 
a troublefome tenefinus, and 4 confiderable degree of feveti 
By anodyne_ medicines, and the ufe’of opiate clyfters, thefé 
complaints were occafiohdlly moderated, and fometimes they ‘to- 
tally ceafed for a few days, but feldom longer, and the intervals 
of relief gradually fhortened ; the attacks became alfo more’ vio2 
lent, commencing with violent rigors, and? fever fucceeding 3 
the pulfe grew weaker and weaker,.and the ‘patient became ex- 
tremely extenuated in fleth ; in hones the cbrtclufioh of thig 
Vor. LXXVI. So BP Te Td phenehy 
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month, after repeated vomitings of a dark-coloured fluid, like 
coffee grounds, it finifhed its painful exiftence. 

Bleeding, . before the debility was become alarming, afforded 
no material refpite, ‘Fomentations. to the abdomen, and tepid 
bathing: of ‘the “whole body,’ -were “equilly: ineffeétual, Ano- 
dyne ftarch clyfters afforded fome truce, but it could not be 
durable; the nature of the mifchief was too momentous to 
afford any hope of: permanent! relief, as-the diffeétion after 
death will evince. 

pods tee Loa © See ae oe 
# stninato he fe Body’ after Death, by Mr. THoMas Wa ATELY, 
a - Surgeon. 


an expofing the. pe of the. iinaiains: ‘the figmoid 
hivaes of the colon immediately prefented . itfelf to view, en- 
larged: to the fize of that of ap, adult, as al{o i A large. diftended 
intefline,,appearing. to be at firft. view a, continuation of the 
tranfverfe arch of this:gut; and atthe place: where this feeming 
arch joined. the figmoid flexure, there appeared a firm or tight 
band, .as if furrounding the “— and share it was ftrongly: 
bound down. - __..... 1 
$:Qn: a‘njcer infpeGion this: pil was found to be a portion of 
the ileym, which paffing within ‘the Land -was inclofed in the 
figmoid flexure.gf thecolon. ., : 
. jAll the. parts, between this. portion of the, froall inteftines 
and, the figmoid flexure, - amonpit which were the caput coli, 
caGum, with-its appendix, and the avhole of the great- arch of 
the colon, could.no: where be feen.. The want of thefe parts, 
the enlarged ,fize .of the figmoid flexure, and the hard. feel 
evidently fhewing... that. it contained - fome- fubftance, left na 


ream te doubt, but that all the mifling portion of the inteftines 
7 ‘was 
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was contained within the figmoid flexure; A finger intro-. 
duced into the anus felt-a round fubftance in the rectum,. 
with an opening in the middle, not unlike the ostince. This 
{nbftance did not adhere, the finger paffing round it freely, be- 
tween it and the internal doat of the rekum. The liver, the. 
urinary bladder, and {mall inteftines, were the remaining parts 
which firft appeared when the parietes of the abdomen were 
turned back. ae 

Upon looking for the omentum, a portion of it ale wae 
found attached to the ftomach, the remaining part evidently 
paffed within the band into the figmoid flexure. 

The ftomach was tied much clofer to the {pine than natural, : 
by the difplacing of the omentum and great arch of the colon. 
The gall bladder was as large as that of an adult, and was full 
of thin bile} but: without obftruction to its patlage into the 
duodenum. 

The general. prone appearance of all the inteftines was 
natural, except flight inflammation in-‘fome places. . 

The cavity of the abdomen alfo contained more than half. 
an ounce. of thia pus; and on the right fide were two liga- 
mentous peritoneal fubftances, very much on the ftretch; one. 
formed by an extenfion of that part of the peritoneum called 
ligamentum * coli déxtrum; the other at the ‘place. where the 
colon’ is connected to the peritoneam ever the right kidney. - 

‘As the further inveftigation’ of this uncommon difeate r re- 
‘quired particular attention, I cut out all the parts connected 
with it, ‘bringing away the whole figmoid flexure of the. colon, 


* Lhave obletved, that ‘in ‘fotue children ‘the caput coli is naturally conneéted 
much more loofely than in others. It ts peer ‘that the prefent cafe was one 
of thofe. | a 

Sha with 
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with. the reGiush, anus, uterus, shdbladder; aifc.a:patt of the 
arcls of the lewm wath the omen vuti, ane ‘a portion of the 
ftomach and duodenum. ~~ 

- The Drawing * (Tab. VII.) was talten by: Mr Pons, Sargeon,- 
of the. natural fize, and the fmsalb inteftines. added from z 
fketch I made before the parts were removed from the body. 

then made a longitudinal incifien through the coats.of the’ 
figmoid flexure of the colon, from the anus to the band ab its. 
upper part. Within the cavity, which was lined with mucus, 
appeared a largo inteftine, taking on the form of the figmoid. 
flexure, which om examination. proved to be the ‘great arch of 
tlie cdlun. and the cacum. invefted ;' fo that the villous coat was 
external, and in contact with the villous coat of the figmoz 
flexure, through. the whole extent of both ;'at the extremity of 
which inverted intéftine were two apertures, viz. the large one. 
felt by the finger per anum, and a {maller one. 

lv now plainly. appeared, that the band was formed by. the up- 
per part of the figenoid feaure being diawa: tight by the inver-. 
fion of the part of the colon immediately above'it, the farther 
progrefs of. which. was prevented by the: peritoneal connections 
at:that place. not giving way ; which — it to — a8- a. 
band tying the inteftinedown. ~ 

This inclofed inteftine was very much difeafed; tle upper part 
next the band being Highly inflamed; and'as it approached’ the: 
caput:coli in .the.re€tum gradually: terminated'in mortification, 
‘fb that for three inches from. its extremity: it was perfectly black. 

No.adhefion. whatever appeared between: the coats of thefo 
inteftines, as this inverted colon might be lifted out of the 
figmoid-flexure to the,band. 


_ © Mr. Basrne very accurately reduced the -feale under my own infpeétion from 
phich the engravings are taken, 
4 | Upon 
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-- Upon cutting through the coats of this inverted imteftine it 
was obferved, that they were very much thickened and difeafed ;. 
the enlargement of the gut, which was fully equal to that of an 
adult, confifting chiefly in.a thickening of its various mufcular 
fibres *, The peritoneal coat, now become its internal fusface, : 
was.every where highly inflamed, but not black as on she outfide, 
the inflamuation gradually increafing from the bandto the extre- 
mity of the cecum. Through the whole length of its cavity was. 
included a portion of the cum uninverted, with its connecting 
mefentery, which communicated with the larger aperture above 
defcribed at the extremity of the ¢zcurh, and with the arch of 
the ueum above the band. It was contracted in fize, but was 
neatly free fronu thickening or inflammation ; fome adhefions. 
only connected it with the coats of the colon ; but the portion. 
above the band was at leaft four times as Jarge, thus refembling 
in magnitude as well as occupying the place of the great arch 
of the colon. Befides this inteftine, this cavity contained a 
portion of: the omentum. continued: from that above, pafling 
within the band, and extending half-way to the rectum; an 
enlarged clufter of mefenteric glands, of the fize of a pigeon’s 
egg, which juft emerged from under the band, and were conneéted 
with a portion.ofthe mefentery above ;.and, at the lower part, the 
- dppendix vermiformis larger and longer than natural, but like- 
wilk uninverted; the mouth of the cavity of which formed the 
{maller opening in the cecum before mentioned. It was at 
this point of the diffoétion that the: famte ingenious: Surgeon 
drew the figure, tab. VII. 


* The increafed action of thefe mufcles, neceffarily attendant on their inverted 
ffate, would increafe the fize of their mufcular fibres, as happens in the bladder, 
| As 
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As Jong’ns'the parts had been in this very uncommon fitua- 
tion, the feces muft have paffed through the valve of the 
colon, dire€tly into the very loweft part of the re€tum, with- 
out ever coming in contact with any portion of the large 
inteftines. | 

And in the laft week of the child’s life, when a prolapfus 
frequently happened, the fuces pafled directly from the ileum 
into the night-ftool. 

The arch’ of the ileum, in default of that of the colon, 
formed the refervoir for the feces; which, with the partial 
interruption to their paflage by the ftri€ture occafioned by the 
band, probably caufed its enlargement. But the feces con- 
tained in it were of a thinner confiftence, and wanted the 
fetor ufually met with in the colon, 


Zz an aN 


"EXPLANATION OF THE PLATES 


TAB. VII. 


A general view of the inteftines, in the fituation in which 
they appeared on firft opening the body, 

aa. The enlarged ileum, putting on the appearance of the 
great arch of the colon. 

5. The fudden enlargement of the ileum. 

c. The ileum paffing within the band into the colon. 

d, Part of the omentum paffing within the band. 

e. The inteftinal band, formed by the inverfion of the great 
arch of the colon immediately above it ceafing at this place. 


SS; 
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Sf. The figmoid flexure of the colon, -containing the intro- 
\ 


fufcepted portion of the alimentary canal. L 


g. The rectum diftended with the fame. ree me 
hb. The anus... 7 
44. Small aaennee of the natural ia and healthy spear 


TAB. VIII. 


The fame view, with the figmoid flexure laid open, and the 
edges turned back, to fhew the contained parts; and likewife 
the. introfufcepted colon laid open, to-difplay the uninverted 
ileum and appendix, vermiformis contained within it. 

aaaa. Internal furface of the figmoid flexure of the colon 


{pread open. 


bbbb. The external atin: (by the inverfion now w become 
internal) of the great grch of the colon within the figmoid 
flexure {pread open. 

cc. Part of the ileum uritayerted. 

ad. Appendix cxci uninverted- i 

e¢. A probe piercing the diftended in, pafied within the 
band, and brought out in another portion of the ileum, con- 
tained within the inverted colon below the band. 

Sf. A blow-pipe paffed through the valve of the colon, 
where it opened into the rectum, and brought out through the 
coats of the ileum above. 

gg. A probe paffed into the natural opening of the appendix 
exci, and brought out above. 

bb. The cecum inverted, 


Bus Dr. Lerrson’s fecount, éea 
he Partiog the. reSum. .. 
 &. The anus. aa | 
J. Part of the omentiam, attached to the peritoneal furface of 
the great arch of the colon, and continued from the poruom 
above. - - — 
m. The clufter of enlarged mefenteric glands. 
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XVI. New Experiments on the Ocalar Spettre of Light ond 
Colours, By Robert Waring Darwin, M. D.3 communicated 
by Erafmus Darwin, M.D. F.R.S. 


Read March 23, 1786. 


Wien any one has long and attentively looked’ at a 
bright object, as at the fetting fun, on clofing his eyes, 
or removing them, an image, which refembles in form the 
obje& he was attending to, continues fome time to be vifible : 
this appearance in the eye we fhall calt the ocular .fpeCtrum of 
that object. 

Thefe ocular {pe&tra are of four kinds: 1ft, Such as are 
owing to alefs fenfibility of a defined part of the retina; or 
Jpeltra from defect of fenfibility. 2d, Such as are owing to a 
greater fenfibility ofa defined part of the retina; or Spetira 
frou: excefs. of fenfibility, 3d, Such as refemble their obje& in 
its colour as well as form; which may be termed direé# ocular 
fpeGra, 4th, Such as are of a colour contrary to that of their 
obje& ; which may be termed reverfe ocular /pectra. 

The laws of light have been moft fuccefsfully explained by 
the great New Ton, and the perception of vifible objects has been 
-ably unveftigated by the ingenious Dr. BERKELEY and M. Mats- 
BRANCHE; but thefe minute phenomena of vifion have yet been 
thought reducible to no theory, though many philofophers have 
employed, a:canfiderable degree of attention upon them: among 
thefe are-Dr. Jury, at the end of Ds, Smiru’s Optics; M. 

Voi, LAXVI. Tt | ZEPINUS, 








314 Dr. Darwin's. Experiments on the 

/Epinus, in the Nov. Com. Petropol. V. 10.; M. BecuExin, 
in the Berlin Memoires, V. I]. 1771; M. D'Arcy, in the 
‘Hifttoire de I’Acad. des Scienc..1765; M. DE LA Hrreg; .and, 
laftly, the celebrated M. pe Burron, in the Memoires de 
l’Acad. des Scien. who has termed them accidental colours, as if 
fubjected to no eftablifhed laws, Ac. Par. 1743. M. p. 215. 

I muft here apprize the reader, that it 13 very difficult for 
different people to give the fame names to various fhades of co- 
lours; whence, in the following pages, fomething muft be 
allowed if, on repeating the experiments, the colours here 
mentioned fhould not accurately correfpond with his own names 
of them. 


’ 


I. ACTIVITY OF ‘THE RETINA IN VISION.. 


From the fubfequent experiments it appears, that the retina 
is in an active not in a paffive ftate during the exiftence of 
thefe ocular {pectra ; and it is thence to be concluded, that all 
vifion is owing to the activity of ‘this organ. 

1. Place a piece of red filk, aboutan inch in diameter, as in 
fig. 1. (Tab. IX.) on.a fheet of white paper, in a ftrong light ; 
look fteadily upon it from about the diftance of half a yard for a 
minute; then clofing your eyelids cover them with your 
hands, and a green fpectrum will be feen in your eyes, refém- 
bling in form the piece of red filk: after fome time, this fpec- 
trum will difappear and fhortly re-appear; and this alternately 
three or four times, if the experiment is well made, till at 
length it vanithes entirely. - : 

a. Place on a fheet of white paper a circular piece of blue 
filk, about four inches in diameter, in the funfhine; cover 
the center of this with a circular piece -of yellow filk, about 

’ three 
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three inches in diameter; and the center of the yellow filk with 
a circle of pink filk, about two inches in diameter; ‘and the 
center of the pink filk with a circle of green filk, about one 
inch in diameter; and the center of this with a circle of in- 
digo, about half an inch in diameter; make a {mall {peck with 
ink in the very center of the whole, as in fig. 2.3 look fteadily 
for a minute on this central fpot, and then clofing your eyes, 
and applying your hand at about an inch diftance before them, 
{fo as to prevent too much or too little light from’ paffing 
through the eyelids, you will fee the moft beautiful circles of 
colours that imagination can conceive, which are moft refem- 
bled by the colours occafioned by pouring a drop or two of oil 
on a ftill lake in a bright day; but thefe circular irifes of co= 
lours are not only different from the colours of the filks above- 
mentioned, but are at the fame time perpetually changing as 
long as they exift. 

3. When any one in the dark prefles either corner of his 
eye with his finger, and turns his eye away from his finger, he 
will fee a circle of colours like thofe in a peacock’s tail: anda 
fudden flath of light is excited in the eye by a ftroke on it. 
(NewtTon’s Opt. Qu. 16.) 

4. When any one turns round rapidly on one foot, till he 
becomes dizzy and falls upon the ground, the fpectra of the 
ambient objects continue to prefent themfelves in rotation, or 
appear to librate, and he feems to behold them for fome time 
ftill in motion. 

From all thefe experiments it appears, that the fpectra in 
the eye are not owing to the mechanical impulfe of light im- 
prefled on the retina, nor to its chemical combination with 
that organ, nor to the abforption and emiffion of light, as 1s 


obferved in many bodies: for in all thefe cafes the fpeétra muft 
Tt2 either 
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either remain uniformly, or gradually diminith 3 and neither 
their alternate prefence and evanefcence as in the firft experi- 
‘ment, nor the perpetual changes of their colours as in the 
fecond, nor the flafh of light or colours im the preffed eye as 
in the-third, nor the rotation or libration - the {petra as in 
the fourth, could exift. 

It is not abfurd to conceive, that the retina may be ftimu- 
lated into motion, as well as the red.and white mufcles which 
form our limbs and veffels; fince it confifts of fibres, like 
thofe, intermixed with its medullary fubftance. To evince 
this ftruéture, the retina of an ox’s eye was fufpended in a 
' glafs of warm water, and forcibly torn in a few places; the 
edges of thefe parts appeared jagged and hairy, und did not 
contract, and become {mooth like fimple mucus, when it is 
diftended till it breaks; which fhews that it confifts of fibres; 
and this its fibrous conftruétion became ftill more diftinét to the: 
fight, by adding fome cauftic alkali to the water, as the.ad-. 
hering mucus was firft eroded, and the hair-like fibres remained. 
floating in the veffel. Nor does the degree of tranfparency of 
the retina invalidate the evidence of its fibrous ftru@ture, fince 
LgEUWENHOEK has fhewn that the cryftaHine humour itfelf 
confifts of fibres. (Arcana Nature, V. 1. p. 70.) 

Hence it appears, that as the mufcles have larger fibres 
mtermixed with a f{maller quantity of nervous medulla, 
the organ of vifion has a greater quantity of nervous me 
dulla intermixed with {maller fibres; and it is probable, that. 
the locomotive mufcles, as well as the vafcular ones, of mi- 
crofcopic animals have much gra tenuity than thefe of the 
retina, 

And befides the fimilar laws, which will be fhewn - in. this 
Paper to govern alike the aftions of. the retina. and of the 
mutcles, 
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mufelts, there. are many other analogies which exift between . 
them. Fhey:are beth originally excited into attion by irrita- 
tions, both adtinearly- in thé fame quantity of time, are alike 
ftrengthened or: fatigued by exertion, are alike painful if ex- 
. eited into action when they are in an inflamed ftate, are alike. 
liable to paralyfis, and tothe torpor of old. age. 


II. OF SPECTRA-FROM DEFECT'OF SENSIBILITY. 


Fhe retina isnot fo eaftly excited into ad¥ion by: lef irritation: 
after having beealately fubjecied ta greater. . 


1; Whew any one. pafles from the. bright- daylight ‘into a) 
daskened room, the irifes of his eyes Ee themfelves to their - 
utmoft extent in a few feconds of time; but it is very long - 
before the. optic. nerve, after having, been . ftimulated by. the: 
greater light of :the day, becomes fenfible of the lefs degree of : 
it-ia the reom; and; if the room. is-not.too obfcure, the irifes . 
will again contra&t themfelves.in fome degree, as the fenfie. - 
bility.ofthe retina returns.. 

3. Place about-half .an inch fquare of: white paper on: a.black’. 
hat, and looking fteadily on the center of it for 2 minute, ree - 
move your-eyés tg a theet of white paper; and. after a. fecond : 
or two.a dark {quare will be feen on the white paper, whiclr: 
will continue fome.time. A fimilar dark {quare will be feen in. 
the clofed eye, if light be admitted. through the eye-lids. . 

So aftet looking: at any Jumtingus -obje& of. a {mall. fize, as. 
at the fun, fora chart time, fo as not-much to fatigue the - 
eyes; this part of: the reting becomes lefs fenfible to. -{maller - 
quantities of Hight; hence, when the eyes are turned on ather - 


lefeJaromes perta of the. hy, a dark. Spot js feen refersbling. ; 
x. | the. 
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the fhape of the fun, or other luminous obje& which we lat 
beheld. This is the fource of one kind-of the dark-coloured 
mufcé volitantes. If this dark fpot lies above the center of the 
eye,. we turn our eyes that way, expecting to bring it into the 
center of the eye, that we may view it more diftinétly ; and in 
this cafe the dark fpectrum feems to move upwards. If the 
dark fpectrum is found beneath the center of the eye, we pur- 
fue it from the {ame motive, and it feems to move downwards. 
This has given rife to various conjectures of fomething floating 
in the aqueous humours of the eyes; but whoever, in attend- 
ing to thefe {pots, keeps his eyes unmoved by looking fteadily 
at the corner of acloud, at the fame time that he obferves the 
‘dark {pectra, will be thoroughly convinced, that they’ have no 
motion but what is given to them by the movement of our 
eyes in purfuit of them. Sometimes the form of the {pectrum, 
when it has been received from a circular luminous body, will 
become oblong; and fometimes it will be divided into two cir- 
cular fpectra, which is owing to our changing the angle made 
by the two optic axifes, according tothe diftance of the clouds 
or other bodies to which the fpectrum is fuppofed to be conti- 
guous. The apparent fize of it will alfo be variable according 
to its fuppofed diftance; but when fuch a fpectrum is received 
with only one eye, the other being covered, its form and num- 
ber are invariable. 
As thefe fpectra are more eafily obfervable when our eyes are 
a little weakened by fatigue, it has frequently happened, that 
people of delicate conftitutions have been much alarmed at 
them, fearing a beginning decay of their fight, and have 
thence fallen into the hands of ignorant oculifts; but I believe 
they never are a prelude to any other difeafe of the eye, and 
that it is from habit alone, and our want-of attention to them, 
7 . that 
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that we do not fee them on all objets every hour of our lives. 
But as thé nérves of very weak people lofe their fenfibility, in 
the fame manner as their mufcles lofe their aétivity, by a fmall 
time of exertion, it frequently happens, that fick people in the 
extreme debility of fevers are perpetually employed in picking 
fomething from the bed-cloaths, occafioned by their miftaking 
the appearance of thefe mufte volitantes in ther eyes. Brenve- 
nuTo Cexini, an Italian artift, a man of ftrong abilities, re- 
lates, that having paffed the whole night on a diftant mountain 
with fome companions and:a conjurer, and. performed many 
ceremonies to raife the devil, on their return in the morning to. 
Rome, and ‘looking up when the fun began to rife, they faw 
numerous devils run on the tops of the houfes, as they paffed 
along ; fo much were the {pedtra.of their weakened eyes mag- 
nified by. fear, and made fubfervient to the as ae of fraud 
or fuperftition. . (Life of Ben. Cetin.) 

3. Place a fquare inch of white paper on a = piece of 
ftraw-coloured filk; look fteadily fome time on the white 
paper, and then move the center of your eyes on the filk, and 
a {pe€trum of the form of the paper will appear on the filk, 
of a deeper yellow than the other part of it: fos the central 
part of the retina, having been {ome time expofed to the ftimu- 
lus of a greater quantity of white light, is become lefs fenfi ble 
toa {maller quantity of is, and therefore fees only . the — 
rays in that part of the ftraw-coloured filk. 

Faéts fimilar to thefe are obfervable in other parts. ef. our 
fyftem: thus, if one hand be made warm, and the other ex- 
pofed to the cold, and then both of them immerfed in fubtepid 
water, the water is perceived warm. to one hand, and cold'to 
the other; and we are not able to hear weak founds for fome 


time after we have been’ expofed to loud ones; and we feel a 
chillinefs 
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chillinefs on ‘coming imto.an atmofphore of temperate warmth, 
after hawing been. fosne time confined: in a, very warmh room : 
and. hence the flomach, arid other .ergans of digeftion, of 
thofe who: have been habituated td che-preater flimulus -of {p1- 
rituous: liquor, are not excited into their due.adtion by the lefs 
:ftimulus of .common. food alone; of which she imnunodiate:c con 
Feoenc is indjgeftion aud hypechondriaciém, 


EE OF. ‘¢PHCTRA 70M BKCESS OF GENSIBILIT.Y. 
: She retina. is more caply excited. gata adfion by greater irritation 
efter bavshg teeu. lately SubjeGad: ip apis | 


| 4. TF -the eyes aré etofed; and covered perfedtty with a hat, 
ford minute or two, ina bright day ; on removing the hat a 
red or crimfon light is feen through the eye-lids. In this ex- 
perjinent the ‘rétina, after being fome time kept ‘in the dark, 
‘becomes fo fenfible to a frhall quantity of fight, as to perceive 
Sindy. thie greater, quaritity of red rays than of dthers which 
pafs though ‘the eye-lids. A: fimilar colored light is feem to 
pafs through the edges of the fingers, when the open hand is 
-oppofed to the flame of acandle, — * 

* "a, TF you look for fome minutes’ fteadily oh a window in 
the beginning of ‘the evening twilight, ‘or-in a dark day, and 
then, move your eyes a little, {6 that thofe parts df the ‘retina, 
‘on which the dark frame-work of the witidow was delineated, 
may now fall on the glafs part of it, many ‘luminous lines, 
reprefenting the fratne-work, will appear'to. lie acrofs the glaf 
panes : “for thofe’ paits of ‘the retina, which were before Teaft 
eer by ‘the dgcke frame-wark, are how Jmore'fenfible ta 


liphe 
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light than the other parts of the retina which were expofed to 
the more luminous parts of the window. 

3- Make with ink on white paper a very black fpot, about 
half an inch in diameter, with a tail about an inch in length, 
fo as to reprefent a tadpole; look fteadily for a minute on this 
fpot, and, on moving the eye a little, the figure of the tadpole 
will be feen on the white part of the paper, which figure of 
the tadpole will appear whiter or more luminous than the other 
parts of the white paper, for the part of the retina on which 
the tadpole was delineated; is now more fenfible to light than 
the other parts of it, which were expofed to the white paper. 
This experiment is mentioned by Dr. Irwin, but is not by | 
him afcribed to the true caufe, namely, the greater fenfibility 
of that part of the retina which has been expofed to the black 
{pot, than of the other parts which had received the white 
field of paper, which 1s put beyond a doubt by the next expe 
riment. 

4. On clofing the eyes after viewing the black fpof-on the 
white paper, as in the foregoing experiment, a red fpot is feen 
of the form of the black fpot: for that part of the retina, on 
which the black fpot was delineated, being now more fenfible 
to light than the other parts of it, which were expofed to the 
white paper, is capable of perceiving the red rays which pene= 
trate the eyelids. If this experiment be made by the hight of 
a tallow candle, the {pot will be yellow inftead of red’; for 
tallow candles abound much with yellow light, which pafles 
in greater quantity and force through the eyelids than blue 
light; hence the difficulty of diftinguifhing blue and green by 
this kind of candle light. The colour of the fpectrum may 
poffibly vary in the day light, according to the different colour 
of the meridian or the morning or evening hight. 


Vor. LXXVE Uu M. Be- : 
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M.« BecueE in, in the Berlin Memoires, V. II. 1771, obferves, 
‘that, when he held a book fo that the fun fhone upon his 
half-clofed eyelids, the black letters, which he had long in- 
 f{petted, became red, which muft have been thus occafioned. 
Thofe parts of the retina which had received for fome time 
the black letters, were fo much more fenfible than thofe. parts 
which had been oppofed to the white paper, that to the former 
the red light, which paffed through the eyelids, was percepti- 
ble. Theré is a fimilar ftory told, I think, in M. pe VoLTAtIRE’s 
Hiftorical Works, of a Duke of Tufcany, who was playing 
at dice with the general of a foreign army, and, believing he 
faw bloody fpots upon the dice, portended dreadful events, and 
aétired in confufion. The obferver, after looking for a minute 
on the black fpots of adie, and carelefily clofing his eyes, on 
a bright day, would fee the image of a die with red {pots upon 
it, as above explained. 
. 5+ On emerging from a dark cavern, where we have long 
continued, the light of a bright day becomes intolerable to the 
tye for a confiderable time, owing to the excefs of fenfibility 
exifting in the eye, after having been long expofed to little or 
no ftimulus. This occafions us immediately to contra& the © 
iris to its {malleft aperture, which becomes again gradually 
dilated, as the retina becomes accuftomed to the greater ftimulus 
of the daylight. : 

The twinkling of a bright ftar, or of a diftant candle im the 
night, is perhaps owing to the fame caufe. While we con- 
tinue to look upon thefe luminous objects, their central parts 
gradually appear paler, owing ta the decreafing fenfibility of 
the part of the retina expofed to their light; whilft, at the 
fame time, by the unfteadinefs of the eye, the edges of them 
are perpetually falling on parts of the retina that were juft 

e | before 
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before expofed to the darknefs of the night, and therefore ten- 
fold more fenfible to light than the part on which the ftar or 
candle had been for fome time delineated. This pains the eye 
ina fimilar manner as when we come fuddenly from a dark 
room into bright daylight, and gives the appearance of bright 
{cintillations. Hence the ftars twinkle moft when the night is 
darkeft, and do not twinkle through telefcopes, as obferved by 
MussCHENBROECK ; and it will afterwards be feen why this 
twinkling is fometimes of different colours when the obje& is 
very bright, as Mr. MELVILL obferved in looking at Sirius. 
For the opinions of others on this fubjeét, fee Dr. PriesTLEY’s 
valuable Hiftory of Light and Colours, p. 494. | 

Many facts obfervable in the animal fyftem are fimilar to 
thefe; as the het glow occafioned by the ufual warmth of the 
air, or ourcloaths, on coming out of a cold bath; the pain of 
the fingers on approaching the fire after having handled fnow; . 


_ and the inflamed heels from walking in fnow. Hence thofe 


who have been expofed to much cold ‘have died on being 
brought to a fire, or their limbs have become fo much in- 
flamed as to mortify. Hence much food or wine given fud- 
denly to thofe who have almoft perifhed by hunger has de- 
ftroyed them ; for all the organs of the famifhed body are now 
become fo much more irritable to the ftimulus ef food and 
wire, which they have long been deprived of, that inflamma- 
tion is excited, which terminates.in gangrene or fever. 


U UZ iv. 
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IV. OF DIRECT OCULAR SPECTRA. 


| AA quantity of fiimulus fomewhat greater than natural excites 
the retina into {pafmodic aétion, which ceafes.in afew feconds, 


A certain duration and energy of the ftimulus of light and 
colours excites the perfect aftion of the retina in vifion; for 
very quick motions are imperceptible to us, as well as very 
flow ones, as the whirling of a top, or the fhadow ona fun- 
dial. So perfeét darknefs does not affect the eye at all; aud 
excefs of light produces pain, mot vifion. 

1. When a fire-coal is whirled round in the dark, a lucid 
circle remains a confiderable time in the eye; and that with fo 
much vivacity of light, that it is miftaken for a continuance of 
the irritation of the object. In the fame manner, when a 
fiery meteor fhoots acrofs the night, it appears to leave a long 
lucid train behind it, part of which, and perhaps fometimes 
the whole, is owing to the continuance of the action of the retina 
after having been thus vividly excited. This 1s beautifully 
illuftrated by the following experiment : fix a paper fail, three- 
or four inches in diameter, and made like that of a {moke jack, 
m a tube of pafteboard; on looking through the tube at a 
diftant profpect, fome disjointed parts of it will be feen 
through the narrow intervals between the fails; but as the fly 
begins to revolve, thefe intervals appear larger; and when it 
revolves quicker, the whole profpect is feen quite as diftin® 
as 1f nothing intervened, though lefs luminous. 

2. Look through a dark tube, about half a yard long, at 
the area of a yellow circle of half an inch diameter, lying 


‘upon a blue area of. double that diameter, for half a minute ; 


and 
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and on clofing your eyes the colours of the fpe&trum will appear 
fimilar to the two areas, as in fig. 3.; but if the eye is, kept 
too long upon them, the colours of the fpectrum will be the 
reverfe of thofe upon the paper, that is, the internal circle 
will become blue, and the external area yellow; hence fome 
attention is required in making this experiment. 

g. Place the bright flame of a fpermaceti candle before a 
black object in the night; look fteadily at it for a fhort time,. 
till it is obferved to become fomewhat paler; and on clofing 
the eyes, and covering them carefully, but not fo.as to comprefs. 
them, the image of the blazing candle will continue diftin@ly- 
to be vifible. | 

4. Look fteadily, for a fhort time, at a window ina dark. 
day, as in Exp. 2. S.. 111. and then clofing your eyes, and’ 
covering them with your hands, an exact delineation of the- 
window remains for fome time vifible in the eyes This expe-. 
riment requires a little pratice to make it fucceed: well ;: fince, 
if the eyes are fatigued by looking too long on the window, or- 
the day be too bright, the luminous parts of the window will: 
appear dark in the fpeétrum, and the dark parts of: the frame- 
work will appear luminous, as in Exp. 2. S. 11. And it 1s. 
even difficult for many, who firft try this experiment, to per- 
ceive the {peétrum at all; for any hurry of mind, or even too: . 
great-attention tothe fpeétrum itfelf, will difappoint-them, till: 
they have had a little eupenience in a to. fuclr ey 
fenfations.. : 

The fpeétra defcribed in this fection, termed direct ocular- 
{pectra, are produced without. much fatigue of the eye;; the. 
irritation of the luminous object being foon withdrawn, or its. 
quantity of light being-not fo great as to produce any degree of. 


uneafinefs in the organ of vifion ;. which. diftinguifhes. them. 
from, 
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from the next clafs of ocular {pe€tra, which are the confe- 
quence of fatigue. Thefe dire {pectra are beft obferved in 
fuch circumftances that no light, but what comes from the 
obje&, can fall upon the eye; as in looking through a tube, 
of half a yard long, and an inch wide, at a yellow paper on 
the fide of a room, the direct {peCtrum was eafily produced on 
clofing the eye without taking it from the tube: but if the 
lateral light is admitted through the eye-lids, or by throwing 
the fpe&trum on white paper, it becomes a reverfe {peGtrum, — 
as will be explained below. 

The other fenfes alfo retain for a time the impreffions that 
have been made upon them, or the actions they have been ex- 
cited into. So if a hard body 1s prefled upon the palm of the 
hand, as is practifed in tricks of legerdemain, it ts not eafy to 
diftinguith for a few feconds whether it remains or is removed ; 
and taftes continue long to éxift vividly,in the mouth, asthe 
{moke, of tobacco, or the tafte of gentian, after the {fapid 
material is withdrawn. 


v. A quantity of fismulus fomewhat greater than the laft men- 
tioned excites the retina into [pafmodic action, which ceases and 
recurs alternately. 


1. On looking. for a time on the fetting fun, fo as not 
greatly to fatigue the fight, a yellow fpe€trum is feen when 
the eyes are clofed and covered, which continues for a time, 
and then difappears, and recurs repeatedly before it intirely 
vanifhes, This yellow fpeétrum of the fun when the eye- 
lids are opened becomes blue ; and if it 1s made to fall on the 
green grafs, or on other coloured’ objects, it varies its own 

colour 
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colour by an intermixture of theirs, as will be explained in 
another place. - | 

z. Place a lighted {permaceti candle in the night about one 
foot from your eye, and look fteadily on the center of the 
flame, till your eye becomes much more fatigued than in S. IV. 
Exp. 3.; and on clofing your eyes a reddith fpe&trum will be 
perceived, which will ceafe and return alternately. 

The action of vomiting in Itke manner ceafes, and is 
renewed by intervals, although the emetic drug is thrown up 
with the firft effort: fo after-pains continue fome time after 
parturition ; and the alternate pulfations of the heart of a viper 
are renewed for fome time after it is cleared from its blood. 


VI. OF REVERSE OCULAR SPECTRA. 


The refina after baving been excited into action by a fimulus 
fomewhat greater than the laft mentioned falls into oppofite 
Spafmodic action. 


The actions of every part of animal bodies may be advan- 
tageoufly compared with each other. This ftri& analogy con- 
tributes much to the inveftigation of truth; while thofe loofer 
analogies, which compare the phenomena of animal life with 
thofe of chemiftry or mechanics, only ferve to miflead our 
inquiries. 

When any of our larger mufcles have been in long or in 
violent action, and their antagonifts have been at the fame 
time extended, as foon as the action of the former ceafes, the 
limb is ftretched the contrary way for our and and a pandicu- — 
lation or yawning takes place. 


7. 7 | By 
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By the following obfervations it appears, that a fimilar cir 
cumftance obtains in the organ of vifion; after it has been 
fatigued by one kind of avons it {pontaneoufly falls into the 
oppofite kind. 

1. Place a piece of coloured filk, about an inch in diameter, 
on a theet of white paper, about half a yard from your eyes; 
look fteadily upon it for a minute; then remove your eyes 
upon another part of the white paper, anda {pectruim will be 
{een of the -form of the filk thus infpected, but of a colour 
oppofite ‘to it. A fpeétrum nearly fimilar will appear if the 
eyes are clofed, and the eyelids fhaded by approaching the 
hand near them, fo as to permit fome but to prevent too 
much light falling on them. 

Red-filk produced a green {pe€trum. 
Green produced a red one. 
Orange produced blue. 

‘ Blue produced orange. ,; 
Yellow produced violet. 
Violet produced yellow. 

"That in thele experiments the colours of the fpectra are the 
reverfe of the colours which occafioned them, may be feen 
‘by examining the third figure in Sir Isaac NEwrTon’s Optics, © 
L. Il. p. 1. where thofe thin laminz of air, which reflected 
‘yellow, ‘trarifmitted violet; thofe which refle€ted red, tranf- 
mitted a blue-green; and fo of the reft, agreeing with the 
experiments above related. 

a. Thefe-reverfe {petra are fimilar to a colour, formed by a 
‘combination of all the primary colours except that with which 
‘the eye has been fatigued in making the experiment: thus the 
-reverfe {pectrum of red muft be fuch a green as would be pro- 


‘duced by a-combination of all the other prifmatic colours. 
To 
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To avince this fact the following fatisfactory experiment was 
made. The prifmatic colours were Laid on a circular pafteboard 
wheel, about four inches ia diameter, in the proportions de- 
{feribed in Dr. Parestigy's Hiftory of Light and Calqurs, 
pl. 12. fig. 83. except that the red compartment was intirely | 
left out, and the others proportionably extended fo as to com- 
plete the circle. Then, as the orange is 4 mixture of red and 
yellow, and as the violet is a mixture of red and indigo, it be- 
came neceflary to put yellow on the wheel inftead of erange, and 
indigo inftead of violet, that the experiment might more 
exactly quadrate with the theory it was defigned to eftablith or 
confute ; becaufe in gaining a green fpectrum from a red ob- 
ject, the eye is {yppofed to have become infenfible to red light. 
This wheel, by means of an axis, was made to whirl like a 
top; and on its being put in motion, a green coloup was pro- 
duced, correfponding with great exa@inefs to the rewerfe fpec- 
trum of red. 

3. In contemplating any one of thefe reverfe fpectra in the 
clofed and covered eye,it difappears and re-appears feveral times 
{ucceffively, till as length it iatirely vanithes, like the disect 
{peGra in fect. v.; but with this additional circumftance, that 
when the {peGtrum becomes faint or evanefcent, it ig inftantly 
revived by removing the hand from before the eyelids, fo as te 
admit more light: becaufe then’ not oaly the fatigued part of 
‘the retina is inelined fpentanceufly to fall into motions of a 


contrary direGtioa, but being ftill fenfible to all other rays of 


light, except that with which it was lately fatigued, is by 
thefe rays at the fame time ftimulated into thofe motions 
which form the reverfe fpe€irum,. | 
From thefe experiments there is reafon to conclude, that the 
ftigued part of the setina throws itfelf into a contrary mode 
Wot. LXXVI. X x of 
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‘of aétion, like ofcitation or pandiculation, as foon as the ftimu- 
lus which .has fatigued it is withdrawn; and that it ftill re- 
‘mains ‘fenfible, that is, ‘liable to be excited into ation by any 
other colours at the ‘fame time, except the colours with which 
it t has been cae 


wit. “The retina after having been excited into action by a fiimulus 
' fomewhat greater than the laft mentioned into Various 
_ feccafive Jpafmodic actions. 


#. On looking at the meridian fun as long asthe eyes cam 
well bear its brightnefs, the difc firft becomes pale, with a lumi- 
nous crefcent, which feems to librate from one edge of it to 
the ‘other, owing -to: the unfteadinefs of the eye;: then the 
whole.phafis of the fun becomes blue, furrounded with a white 
halo; and on clofing the eyes, and covering them with the 
hands, a yellow fpectrum is feen, which in a little time 
changes into a blue one. | 

, M. pe La Hire obferved, after looking at the bright fun, 
that the impreffion in his eye firftaflumed 4 yellow appearance, 
and then green, and then- blue; and wifhes to afcribe thefe 
appearances to fome affection of the nerves. pean on 
the. Eye, ,Vol: I. .p. 343.) 

- “2. After looking fteadily on about an: inch {quare of pink 

filk, placed on white paper, in a bright funfhine, at the dif 
tance of a foot: from ‘my eyés, ‘and -clofing and covering my 
eyelids, the fpe€trum ofthe filk was at firft a dark green,. and 
the fpectrum of the white paper became of: a pink. The 
{pectra ‘then both difappeared’; and then the, internal {peftrum 
was blue;.and then, after a fecond difappearance, became ~~ 
, and. 
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and hftly pink, whilft the fpeStrum of the field § varied 1 into red 
and green. 

Thefe fucceffions’ of ‘different coloured {petra were riot 
exactly the fame in the different experiments, though obferved, 
as near as could be, with the fame. quantity of light, and | 
other fimilar circumftances; owing, I fuppofe, to trying too’ 
many experiments at a time; fo that the eye was not quite’ 
free from the {pestra of the colours which were previoufly | 
attended to. 

* "The alternate exertions of the retina in the preceding fetion ° 
refembled the ofcitation or pandiculation of the muftles,’ as’ 

they. were performed in directions contrary to each other, aiid | 
were the confequence’ of fatigue rather than of pain. And’ 
in this they differ from the fuddeffive diffiintar’ exertion’ of - 
the retina, mentioned in this feétion, which refemble in mi-? 
niature the more violent agitations of the limbs in er 
difeafes, as epilepfy, chorea S. Viti,” and: opifthotonos } > aft 
which difeafes are perhaps, at -firft, the.confequence’of pain, 
and have their periods afterwards eftablifhed by habit. —. 
~~ =: ra. oe oe er a 
\ ; 2 ; i . ar hier 
vit. The retina, after baving been excited into aétion by a flimulus , 
fomewhat greater than the laft mentioned, falls into a fixed, 
[pa/modic aétion, which contmues for fome days. — 
| , ho 
. After having.looked long at the meridian. fun, in making 
ma of the preceding experiments, till the difcs faded into.a_ 
pale blue, I frequently obferved a bright blue fpectrum of the, 
{un on other objeéts all. the next and the fucceeding day, which. 
conftantly occurred when I attended to it, and frequently when 
I did not previoufly attend to it. When I clofed and covered 
Xx 2 my 
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my eyes, this appeared of ¢ dull yellow; and at other times 
mixed with the colours of other objects on which it was 
thrown. It may be imagined, that this part of the retina was 
become infenfible to white light, and thence a bluifh {peétrum 
~became vifible on all luminous objects; but as a yellowith {pec- 
trum Was alfo feen in the clofed and covered eye, there can 
remain no doubt of this being the {peétrum of the fun. A 
fimilar appearance was obferved by M. Afprnus, which he 
acknowledges he could give no account of. (Nov. Com. Petrop. 
V. 10, p. 2. and 6.) 
‘The locked jaw, and fome cataleptic fpafms, are refembled 
by this phenomenon; and from hence we may learn the dan- 
ger to the eye by infpecting very luminous obps too long a 


time. 


1X.  guantity of, fimules greater than the preceding induces @ 
temporary paralyfis of the organ of vifion. 


1. Place a circular piece of bright red fitk, about half an 
inch in diameter, on the fniddle of a theet of white paper’; 
Jay them on the floor in a bright funfhine, and fizing your 
eyes fteadily on the center of the red circle, for three or ‘four 
‘Minutes, at the diftance of four or fix feet frotn the objet, the 
red filk will gradually become pater, and finally ceafe to. appear 
red at all. ~ 

2. Simifar to thefe are many other animal faéts 3 ab. purges, 
opiates, and even poifons, and contagious matter, ceafe to 
{timulate our fyftem, after we have been habituated to. their 
ufe, So foie people fleep undilturbed by a clock, or even by 
a forge hainmer in ‘their neighbourhood: and not only conti- 
nued irfitations, but violent exertions of any kind, are {ucteeded 
by 
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by temporary paralyfis. The arm drops down after violent 
action, and continues for a time ufelefs; and it is probable, 
that thofe who have perifhed fuddenly in {wimming, or in 
{eating on the ice, have owed their deaths to the paralyfis, or 
extreme fatigue, which fecceeds every violent and continued 
exertion. 


X. MISCELLANEOUS REMARKS. 


There were fome circumftances occurred in making thefe 
experiments, which were liable to alter the refules of them, 
and which I fhall here mention for the affiftance of others, who 
anay ‘with to repeat them. 


- 3, Of direé# ond inverfe Pectra exifling at the fame time; of 

' reciprocal direcd fpecira; of a combination of direct and mverfe 
Jpetira; of a fpettral halo; rules ta pre-determine the colours of 
Spectra. 


a. Wher an area, about fix inches fquas, of bright pmk 
Iedizn paper, had been viewed on an area, about a fot fquare, 
of white writing paper, the internal fpeétrum ta the clofed eye 
was green, bring the ceverfe {pe€rum of the pink paper; and 
the external fpectrum was pink, bemg the direct fpectram of the 
pink paper. The fame circumftance happened when the ia~ 
ternal area was white, and external one pink; that is, the 
anternal fpedtrum was pink, and the external one green. All 
the fame appearances occurred when the pink papes was. fou 
on.a black hat. 

b. Wher fx inches fquare of deep violet polithed paper was 
viewed on a foot fquare of white writing paper, the méternal 

ane 
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{pectrum was yellow, being the reverfe {pectrum of the violet 
paper, and the. external one was violet, — the direé&t fpec- 
trum of the violet paper. 

c. When fix inches fquare, of pink paper was: ‘viewed on a foot 
{quare of blue paper, the internal {pectrum was blue, and the 
external {pectrum was pink; that is, the internal one was the 
direct {pectrum of the external object, and the external one was 
the direct {pectrum of the internal object, inftead of their being 
each the reverfe fpe€trum of the objects they belonged to. 

d. When fix inches fquare of blue paper were viewed on a 


foot -fquare of yellow paper, . the interior -{pe€trum became a * 


brilliant yellow, and the exterior one a brilliant blue.” The 
vivacity of the {pectra was owing to their being excited both by 
the ftimulus of the interior and exterior objects ; fo that the 
interior yellow f{pectrum was both the reverfe- fpettrum of .the 
blue paper, and the direét one of the yellow paper; and the 
exterior blue fpeétrum was both the reverfe {pectrum of the 
yellow paper, and the direét one of the blue paper: | 

e. When the internal area was only a fquare half-inch, of 
red paper, laid on a fquare foot of dark-violet paper, the in- 
ternal fpectrum was green, :with .a. reddifh-blue halo. When 
the ‘red internal .paper was two inches {quare, the internal 
{pectrum was a deeper green, and. the external one redder. 
When the internal paper. was fix inches fquare, the {pectrum 
of ‘it became. _— —_ the oe of the pane — was 
red. 

f: When a rae half. ad ae inns paper was laid on a ‘i 
inch d{quare‘of yellow paper, the fpectrum of the central paper 
in the clofed eye was yellow, incircled with a blue halo. On 
looking long.on the meridian fun, ‘the difc fades i into a pale blue 
. furrotbnded with a whitith halo. | 
s 5 Thefe 
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Thefe circumftances, though they very much perplexed the 
experiments till they were inveftigated, admit of a fatisfactory 
explanation; for while the rays from the bright internal ob- 
ject in exp. a. fall with their full force on the-center of the 
retina, and, by fatiguing that part of it, induce the reverfe 
{pe&trum, many {cattered rays, from the fame internal pink 
paper, fall on the more external parts of the retina, but not in 
fuch quantity as to occafion much fatigue, and hence induce 
the direct fpectrum of the pink colour in’ thofe parts of the: 
eye. The fame reverfe and direct {pectra occur from the violet 
paper in exp. 6.: and in exp. c. the fcattered rays from the 
central pink paper produce a direct fpectrum of this colour on: 
the external parts of the eye, while the fcattered rays from. 
the external blue paper produce a direct {fpe€trum of that colour. 
on the central part of the eye, inftead of thefe parts of the 
. retina falling reciprocally into their reverfe {pectra. In exp. d.. 
the colours: being the reverfe of each other, the {cattered rays. 
from the exterior object falling on the central parts of the eye, 
and there exciting their direct fpeftrum, at the fame time that 
the retina was excited into a reverfe fpectrum by the central 
objet, and this direct and reverfe {pectrum being of fimilar, 
colour, the fuperior brilliancy of this {pectrum was produced.. 
In exp. ¢. the. effect of various quantities of ftimulus on the, 
retina, from the different refpective fizes of the internal and, 
external areas, induced a {peétrurn of the internal area in the 
center of the eye, corhbined of the reverfe{fpectrum of that in- 
ternal area and the dire¢t one -of. the’ external. area, in various: 
fhades of colour, from a pale. green-to a deep blue, with fimi- 
lar changes in the {pectrum of ‘the external area. For. the fame. 
reafons, when:an, internal bright. objet. was fmall, as in exp. f, 


anftead of the whole of the fpectrum of the external object, 
being 
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being reverfe to the colour of the internal object, only a kind 
of halo, or radiation of colour, fimilar to that of the internal 
obje€t, was {pread a little way on the external fpedrum. For 
this internal blue area being fo fmall, the fcattered rays from it 
extended but a little way on the image of the external area of 
yellow paper, and could therefore produce only a blus halo 
round the yellow {pe&trum in the center. 

If any one fhould fufpect that the fcattered rays from the 
exterior coloured objeét do not intermix with the rays from the 
interior coloured obje€t, and thus affe& the central part of the 
eye, fet him look through an opake tube, about two feet m 
length, and an inch in diameter, at a coloured wall of a room 
with one eye, and with the other eye naked; and he will find, 
that by fhutting out the lateral light, the area of the wall feen 
through a tube appears as if illuminated by the funfhine, com- 
pared with the other parts of it; from whence arifes the advan- 
tage of looking through a dark tube at diftant paintings. 

Hence we may fafely deduce the following rules to determine 
before-hand the colours of all {pectra. 1. The direll fperum 
without any latefal light is an evanefcent reprefentation of its 
objet in the unfatigued eye. 2. With fome lateral light it 
becomes of a colour combined of the dire& {pectrum of the 
central object, and of the circumjacent objeéts, ia proportion — 
to their refpective quantity and brilliancy. 3. The reveré 
pectrum without lateral light ts a reprefentation in the fatigued — 
eye of the form of its objects, with fwch a colour as would | 
be produced by all the primary colours, except that of the ob 
ject. 4. With lateral light the colour is compounded of the 
reverfe {pe&trum of the central obje&, and the dire&t {pe@rum 
of the cireumjacent objects, in proportion to their — 
quantity and brilliancy. 


7 . 1. 
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11. Variation and vivacity of the petra occafioned by extrancous 
hight. . 


The reverfe {pectrum, as has been before explained, is fimi- 
lar to accolour, formed by a combination of all the primary 
colours, except that with which the eye has been fatigued in 
making the experiment: fo the reverfe {peétrum of red is fuch 
a green as would be produced by a combination of all the other 
prifmatic colours. Now it muft be obferved, that this reverfe 
{pectrum of red is therefore the dire&t {pe&trum of a combina- 
tion of all the other prifmatic colours, except the red ; ‘whence, 
on removing the eye from a piece of red filk toa fheet of 
white paper, the green fpeGrum, which is perceived, may 
either be called the reverfe {peftrum of the red filk, or the 
dire f{pe€trum of all. the rays from the white paper, except 
the red; for in truth it is both. Hence we fee the reafon why 
it is not eafy to gain a dire& fpeCtrum of any coloured object 
in the day-time, where there is much lateral light, except of | 
very bright objeéts, as of the fetting fun, or by looking 
through an opake tube; becaufe the lateral external light 
falling alfo on the central part of the retina, contributes to 
induce the reverfe {pectrum, which is at the fame time the 
dire& {pectrum of that lateral light, deducting only the colour 
of the central objeét which we have been viewing. And for the 
{ame reafon, it is difficult to gain the reverfe fpetrum, where 
there is no lateral light to contribute to its formation. Thus, 
in looking through an opake tube on a yellow wall, and clofing 
my eye, without admitting any lateral light, the f{peétra were 
all at firft yellow; but at length changed into blue. Andon 
looking in the fame manner‘on red paper, I did at length get a 

Vout. LXAXVI. Yy green. 
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green {pectrum; but they were all at firft red ones: ‘and the 
fame after looking at a candle in the night. . 

The reverfe {petrum was formed with’ greater facility when 
the eye was thrown from the object on a fheet of white paper, 
or when light was admitted through the clofed eyelids; be- 
caufe not only the fatigued part of the retina was inclined 
fpontaneoufly to fall into motions of a contrary direction ; but 
being ftill fenfible to all other rays of light except that with 
which it was lately fatigued, was by thefe rays flimulated at 
the fame time into thofe, motions which form the reverfe {pec- 
trum. Hence, when the reverfe {pectrum of any colour be- 
came faint; it was wonderfully revived by admitting more light 
through the eyelids, by removing the hand from before them: 
and hence, on covering the clofed eyelids, the {peftrum would 
often ceafe for a time, till the retina became fenfible to the 
ftimulus.of the {maller quantity of light, and then it recurred. 
Nor was the {peétrum only changed in vivacity, or in degree, 
by this admiffion of light through the eyelids; but it fre- 
quently happened, after having viewed bright objects, that the 
fpe&trum in the clofed and covered eye was changed into a third 
fpectrum, when light was admitted through the eyelids: 
which third fpe@rum was compofed of fuch colours as could 
pafs through the eyelids, except thofe of the object. Thus, 
when an area of half an inch diameter of pink paper was 
viewed on a fheet of white paper in the funfhine, the fpe&trum 
with clofed and covered eyes: was green; but on removing the 
hands from before the clofed eyelids, the fpectrum became 
yellow, and returned inftantly again to green, as often as the 
hands were applied to cover the eyelids, or removed from 
them: for the retina being now infenfible to red light, the 
yellow rays pafling through the eyelids in greater quantity 
than hon other colours, induced a 7 Spectrum ; whereas if 

the 
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the fpectrum was thrown on white paper, with the eyes open, it 
became only a lighter green. 

Though a certain quantity of light facilitates the formation 
of the reverfe {pectrum, a greater quantity prevents its forma- 
tion, as the more powerful ftimulus excites even the fatigued 
parts of the eye into action; otherwife we fhould fee the 
{peCtrum of the laft viewed object as often as we turn our 
eyes. Hence the reverfe fpeétra are beft feen by gradually ap- 
proaching the hand near the clofed eyelids to a certain diftance 
only, which muft be varied with the brightnefs of the day, or 
the energy of the {pectrum. Add tothis, that all dark {pedtra, 
as black, blue, or green, if light be admitted through the eye- 
lids, after they have been fome time covered, give reddith 
{pectra, for the reafons given in fect. HI. exp. 1. 

From thefe circumftances of the extraneous light coinciding 
with the {pontaneous efforts of the fatigued retina to produce a 
reverfe {pe€trum, as was obferved before, it is not eafy to gain 
a dire&t {peCtrum, except of objects brighter than the ambient 
light; fuch as a candle in the night, the fetting fun, or view- 
ing a bright obje& through an opake tube; and then the reverfe 
{petrum is inftantaneoufly produced by the admiffion of fome 
external light; and is as inftantly converted again to the direct 
{petrum by the exclufion of it. Thus, on looking at the fet- 
ting fun, on clofing the eyes, and covering them, a yellow 
{pectrum is feen, which is the direét fpectrum of the fetting : 
fun; but-on opening the eyes on the fky, the yellow 
{petrum is immediately changed into a blue one, which 
is the reverfe {pectrum of the yellow fun, or the direct fpec- 
trum of the blue fky, or a combination of both. And this. 
1s agaim transformed into a yellow one on clofing the eyes, 
and fo reciprocally, as quick as the motions of the opening ' 
and clofing eyelids. Hence, when Mr. Metvitt obferved 

Yy2 the 
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the {cintillations of the ftar Sirius to be fometimes coloured, 
thefe were probably the dire& {pe€trum of the blue fky on the 
parts of the retina fatigued by the white light of the ftar. 
(Effays Phyfical and Literary, p. 81. V. 2.) 

When a direct {peétrum is thrown on colours darker than 
itfelf, it mixes with them; as the yellow fpe€trum of the 
fetting fun, thrown on the green grafs, becomes a greener 
yellow. But when a direct fpeétrum is thrown on colours 
brighter than itfelf, it becomes inftzntly changed into the 
reverfe f{pectrum, which mixes with thofe brighter  co- 
lours. So the yellow fpectrum of the fetting fun thrown on 
the luminous fky becomes blue, and changes with the colour 
or brightnefs of the clouds on which it appears. But the re- 
verfe {pectrum mixes with every kind of colour on which it is 
thrown, whether brighter than itfelf or not :-thus the reverfe 
{pectrum, obtained by viewing a piece of yellow filk, when 
thrown on white paper was a lucid blue green; when thrown 
on black Turkey leather becomes a deep violet. And the fpec- 
trum of blue filk, thrown on white paper, was a light yel+ 
low ; on black filk was an obfcure orange; and the blue {pec- 
trum, obtained from orange-coloured filk, thrown on yellow, 
became a green. 

In thefe cafes the retina is thrown into activity or fenfation 
by the ftimulus of external colours, at the fame time that it 
continues the activity or fenfation which. forms the fpeétra; in 
the fame manner as the prifmatic colours, painted on a whirl 
ing top, are feen to mix together. When thefe colours of ex- 
ternal objects are brighter than the direct {fpeftrum which 1s 
thrown upon them, they change it into the reverfe {pe€trum, 
tke the admiffion of external light on a direé&t fpeGrum, as 
explained above. When they are darker than the dire&t {pec- 

| trum) 
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trum, they mix with it, their weaker ftimulus being infuffi- 
cient to induce the reverfe fpeGtrum. 


111. Variation of fpecira in refpect to number and figure and 
remiffion. 


When we look long and attentively at any objet, the eye 
cannot always be kept intirely motionlefs; hence, on infpect- 
ing a circular area of red filk placed on white paper, a ‘lucid 
crefcent or edge is feen to librate on one fide or other of the red 
circle: for the exterior parts of the retina fometimes falling on 
the edge of the central filk, and fometimes on the white paper, 
are lefs fatigued with red light than the central part of the re- 
tina, which is conftantly expofed to it; and therefore, when 
they fall on the edge of the red filk, they perceive it more 
vividly. Afterwards, when the eye becomes fatigued, a green 
{pectrum in the form of a crefcent is feen to librate on one fide 
or othes of the central circle, as by the unfteadinefs of the 
eye a part of the fatigued retina falls on the white paper ; and 
as by the increafing fatigue of the eye the central part of the 
filk appears paler, the edge on which the unfatigued part of ° 
the retina occafionally falls will appear of a deeper red than 
the original filk, becaufe it is compared with the pale internal 
part of it. M. pE Burron in making this experiment obferved, 
that the red edge of the filk was not only deeper coloured than 
the original fiik; but, on his retreating a little from it, it be- 
came oblong, and at length divided into two, which muft have 
been owing to a.change of the angle of the two optic axifes 

with the new diftance he obferved it at. Thus, if a pen is 
held up before a diftant candle, when we look intenfely at the 
pen two ees are feen behind it; when we look intenfely at 

7 the 
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the candle two pens are feen. If the fight be unfteady at the 
time of beholding the fun, even though one eye only be ufed, 
many images of the fun will appear, or luminous lines, when the 
eye is clofed. And as fome parts of thefe will be more vivid than. 
others, and fome parts of them will be produced nearer the 
center of the eye than others, thefe will difappear fooner than 
the others; and hence the number and fhape of thefe {peétra 
of the fun will continually vary, as long as they exift. The 
caufe of fome being more vivid than others, is the unfteadinefs 
of the eye of the beholder, fo that fome parts of the retina 
have been longer expofed to the funbeams. That. fome parts 
of a complicated {pectrum fade and return before other parts of 
it, the following experiment evinces. Draw three concentric 
circles; the external one an inch and a half in diameter, the 
middle one an inch, and the internal one half an inch; colour 
the external and internal areas blue, and the remaining one 
yellow, as in fig. 4.3 after having looked about a minute on 
the center of thefe circles, in a bright light, the {pe€trum of 
the external area appears firft in the clofed eye, then the middle 
area, and laftly the central one; and then the central one dif- 
appears, and the others in inverted order. If concentric circles 
of more colours are added, it produces the beautiful ver chang- 
ing f{pectrum in fed. I. exp. 2. | 

From hence it would feem, that the center of the eye pro- 
duces quicker remiffions: of fpeétra, ‘owiiig pérhaps to its 
greater fenfibility; that is, to its’ more energetic exertions. 
Thefe remiffions of {peétra bear fome analogy to the tremors 
of the hands, and palpitations of the heart, of weak people: 
and perhaps a.criterion of the ftrength of any mufcle or nerve 
may be taken from the time it can be continued in exertion. 
iF 3 ae, Weras —_ Iv. 
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1v. Variation of fpecira in refpett to brilliancy; the vifibility of the 
circulation of the blood inthe eye.. 


1. The meridian or evening light makes a difference in the 
colours of fome fpectra; for as the fun defcends, the red rays, 
which are lefs refrangible by the convex atmofphere, abound: 
in great quantity. Whence the fpeétrum of the light parts of 
a window at this time, or early in the morning, is red; and 
becomes blue either a little later or earlier; and white in the 
meridian day ; and 1s alfo variable from the colour of the clouds. 
or fky which are oppofed to the window. 

2. All thefe experiments are liable to be confounded, if they. 
are made too foon after each other, as the remaining {pe&rum 
will mix with the new ones. This is a very troublefome cir- 
cumftance to painters, who are obliged to look long upon the fame 
colour; and in particular to thofe whofe eyes, from natural de- 
bility, cannot long continue the fame kind of exertion. For | 
the fame reafon, in making thefe experiments, the refult be- 
comes much varied if the eyes, after viewing any object, are 
removed on other objeéts for but an inftant of time, before we 
clofe them to view the {peétrum ; for the light from the objet, 
of which we had only a tranfient view, in the very time of 
clofing our eyes aéts as a ftimulus on the fatigued retina; and 
for a time prevents the defired fpe€trum from appearing, or 
mixes its own: {pectrum with it. Whence, after the eyelids. 
are clofed, either a dark field, or fome: unexpected calours, are 
beheld for a few feconds, before the defired {peCtrum becomes. 
diftinGly vifble. 

3. The length of time taken up in viewing an objet, of 
which we are to obferve the {pectrum, makes a great difference 

in 
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in the appearance of the fpectrum, not only in its vivacity, but 
in its colour; as the dire& {pectrum of the central object, or of 
the circumjacent ones, and alfo the reverfe {pectra of both, 
with their various combinations, as well as the time of their 
duration in the eye, and of their remiffions or alternations, 
depend upon the degree of fatigue the retina ts fubjected to. 
The Chevalier p’Arcy conftruéted a machine by which a coak 
of fire was whirled round in the dark, and found, that when a 
luminous body made a revolution in eight thirds of time, it 
prefented to the eye a complete circle of fire; from whence he 
concludes, that the impreffion continues on the organ about 
the feventh part of a fecond. (Mém. de l’Acad. des Sc. 
1765.) This, however, is only to be confidered as the fhorteft 
time of the duration of thefe dire&t fpectra; fince in the fa- 
tigued eye both the direét and reverfe fpe&ra, with their 
intermiflions, appear to take up many feconds of time, and 
feem very variable in proportion to the circumftances of 
fatigue or energy. 

4. It fometimes happens, if the eyeballs have been rubbed 
hard with the fingers, that lucid fparks are feen in quick mo- 
tion amidft the {fpectrum we are attending to. This is fimilar 
to the flafhes of fire from a ftroke on the eye in fighting, and 
is tefembled by the warmth and glow which appear upon the 
{kin after friction, and is probably owing to an acceleration of the 
arterial blood into the veflels emptied by the previous preffure. 
By being accuftomed to obferve {uch {mall fenfations in the eye, 
it is eafy to fee the circulation of the blood in this organ. I 
have attended to this frequently, when I have obferved my 
eyes more than commonly fenfible to other fpe€tra. .The 
circulation may be feen either in both eyes at a time, or only 
in one of them; for as a certain quantity of light is neceflary 

to 
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to produce this curious phenomenon, if one hand be brought 
nearer the clofed eyelids than the other, the circulation in that 
eye will for a time difappear. For the eafier viewing the circu- 
lation, it is fometimes neceffary to rub the eyes with 4 certain 
degree of force after they are clofed, and to hold the breath 
rather longer than 1s agreeable, which, by accumulating more 
blood in the eye, facilitates the experiment; but th general it 
may be feen diftinétly after having examined other {pectra with 
your back to the light, till the eyes become weary; then 
having covered your clofed eyelids for half a minute, till the 
{pe€trum is faded away which you were examining, turn your 
face to the light, and removing your hands from the eyelids, 
by and by again fhade them a little, and the circulation be- 
comes curioufly diftin&. ‘The ftreams of blood are however 
generally feen to unite, which fhews it to be the venous circu- 
lation, owing, I fuppofe, to the greater opacity of the colour 
of the blood in thefe veffels; for this venous circulation is alfo 
much moreeafily feen by the microfcope in the tail of a tadpole. 


v. Variation of fpeltra in refpert to difintine/s and fixe; with a 
new way of magnifying objects. 


1. It was before obferved, that when the two colours viewed 
together were oppofite to each other, as yellow and blue, red 
and green, &e. according to the table of reflections and tranf- 
miffions of light in Sir Isaac Newron’s Optics, B. H. fig. 
3. the fpeétra of thofe colours were of all others the moft bril- 
liant, and. beft defined; becaufe they: were combined of the 
reverfe fpe€trum of one colour, and of the dire&t fpectrum of 
the other. .Henco,. in. books. printed with {mall types, or in 
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the minute graduation of thermometers, or of clock- faces, 
which are to be feen at a diftance, if.the letters or figures are 
coloured with orange, and the ground with indigo; or the 
letters with red, and the ground with green; or any other 
lucid colour is ufed for the letters, the {peétrum of which 1s. 
fimilar to the colour of the ground; fuch letters will be feen 
much more diftinétly, and with lefs confufion, than in black or 
white: for as the fpectrum of the letter is the fame colour 
with the ground on which they are feen, the unfteadinefs of 
the eye in long attending to them will not produce coloured 
lines by the edges of the letters, which is the principal caufe of 
their confufion. ‘The beauty of colours lying in vicinity to each. 
other, whofe fpectra are thus reciprocally fimilar to each co- 
lour, is owing to this greater eafe that the eye experiences in 
beholding them diftinly ; and it 1s probable, in the organ of 
hearing a fimilar circumftance may conftitute the pleafure of 
melody. Sir Isaac Newron obferves, that gold and indigo. 
were agreeable when viewed together; and thinks there may. 
be fome analogy between the fenfations of light and found. 
(Optics, Qu. 14.) 

-- In viewing the-{peétra of bright objects, as of an area of red filk 
of half an inch diameter on white paper, it is eafy to magnify it 
to tenfold its fize: for if, when the fpectrum is formed, you 
ftill:keep your eye fixed on the filk area, and remove it a few 
inches further. from you, a green circle is feen round the red 
filk: for the angle now fubtended by the filk is lefs than:it 
was when, the {pe€trum was formed, but.that of the f{pectrum 
continues the fame, and our imagination places them at.the 
fame diftance. Thus when you view a fpeCtrum on a fheet: of 
white paper, if you approach the paper to the eye, you may 
diminifh it to a,point; and if the paper is.made to recede from 
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the eye, the f{pectrum will appear magnified in proportion to 
the diftance. 

I was furprifed, and agreeably amufed, with the following 
experiment. I covered a paper about four inches {quare with 
yellow, and with a pen filled with a blue colour wrote upon 
the middle of it the word BANKS in capitals, as in fig. 5. and, 
fitting with my back to the fun, fixed my eyes for a minute 
exaétly on the center of the letter N in the middle of the 
word; after clofing my eyes, and fhading them fomewhat 
with my hand, the word was diftin€tly feen in the {pe&rum. 
in yellow letters on a blue field; and then, on opening my 
eyes ‘on a yellowith wall at twenty feet diftance, the magnified 
name of BANKS appeared written on the wall in golden cha- 
racters. a | 


CONCLUSION. 


It was obferved by the learned M. Sauvaces (Nofol. me- 
thod. Cl. VIII. Ord. 1.) that the pulfations of the optic artery 
might be perceived by looking attentively on a white wall well 
illuminated. A kind of net-work, darker than the other parts 
of the wall, appears and vanithes alternately’ with every pulfa- 
tion. This change of the colour of the wall he well afcribes - 
to the compreffion of the retina by the diaftole of the artery. 
The various colours produced in the eye by the preflure of the 
finger, or by a ftroke on it, as mentioned by Sir Isaac New- 
Ton, feem likewife to originate from the unequal preffure on 
various parts of the retina. Now as Sir I,aac Newrown has 
fhewn, that all the different colours are reflected or tranfmitted 
by the laminz of toap bubbles, or of air, according to their 


different thicknefs or thinnefs, is it not probable, that the 
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effect of the aQivity of the retina may be to alter its thicknefs 
or thinnefs, fo as better to adapt it to reflect or tran{mit the 
-eolours which ftimulate it into a€tion? May not mufcular 
fibres exift in the retina for this purpofe, which may be lefs 
minute than the locomotive mufcles of microfcopic animals? 
May not thefe mufcular actions of the retina conftitute the 
fenfation of lights and colours; and the voluntary repetitions 
of them, when the object is withdrawn, conftitute our me- 
mory of them? And laftly, may not the laws of the fenfa- 
tions of light, here inveftigated, be applicable to all our other 
fenfes, and much contribute to elucidate many phsenomena of 
animal bodies both in their healthy and difeafed ftate; and thus 
render this inveftigation well worthy the attention of the phy- 
fician, the metaphyfician, and the natural philofopher ? 


Derby, November 1, 1785. 
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XVII. Obfervations on fome Caufes of the Excefs of the Mortality 
of Males above that of Females. By Jofeph Clarke, M. D. 
Phyfician to the Lying-in Hofpital at Dublin. Communicated 
by the Rev. Richard Price, D.D.F.R.S. ina Letter to 
Charles Blagden, M. D. Sec. RS. 


Read March 30, 1786. 


SIR, Newington-Green, February 6, 1786, 


T RECEIVED fome time ago the inclofed letters and 
regifiry from Dr. CLarxez, Phyfician to the Lying-in Hof- 
pital at Dublin. They contain fome accounts that feem to 

me not improper to be communicated to the Royal Society. 
The obfervations which have been made on the laws that 
govern human mortality prove, that the mortality of males 
exceeds that of females in almoft all the ftages of life, and 
particularly in the earlieft ftages; and that this excefs prevails 
moft in great towns, and all the lefs natural fituations of hu- 
man life. The facts in thefe papers throw fome light on this 
fubje&. Male fetus’s requiring more nutrition than female 
Setus’s, becaufe larger, and being alfo for this reafon more 
liable to injury in delivery, are brought into the world lefs 
perfe& : and this happening more or lefs in proportion to the 
vigour and juft formation of the mother, it muft happen 
moft in thofe fituations where the greateft tendernefs of 
frame and deviations from nature take place. The truth, in 
4 | fhort, 
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fhort, feems to be, that any debility in esther parent muft affe& 
moft the production of that fex which requires the largeft and 
 ftrongeft famina; and that fuch debilities prevailing moft in 
great towns and polifhed Societies, the excefs of the mortality 
of males muft alfo be greateft in fuch fituations. And this I 
reckon the principal reafon of a circumftance in human mor- 
tality which, before I received thefe communications from Dr. 
CiarkE, I did not fo well underftand. 


With much refpe& Iam, &c. | 
RICH. PRICE. 


Dr, Crarxe’s firft Letter to the Rev. Dr. Price. 


/ 


SIR, Dublin. 


IN your very ufeful Treatife on Life Annuities, &c. you 
remark *, that **it has been obferved, that the Author of 
“¢ nature has provided, that more males fhould be born than 
‘¢ females, on account of the particular wafte of males, occa- 
‘¢ fioned by wars and other caufes. That perhaps it might 
*¢ have been obferved, with more reafon, that this provifion 
«‘ ‘had in view that particular weaknefs or delicacy in the con~ 
‘* ftitutron of males which makes them more fubject to mor- 
<“tality; and which, confequently, renders it neceflary that 
‘more of them fhould be produced, in order to preferve 


* Vol. I. Ps 373. ae 
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«in the world a due. proportion between the fexes.” And 
further, you elfewhere remark *, that ‘the /aés recited at 
“ the end of your fourth Effay prove, that there is a difference 
“<‘ between the mortality: of males and females; but that you 
“¢ muft however obferve, that it may be doubted, whether this 
‘¢ difference, fo. unfavourable to males, be natural; and that 
“¢ there are faéts which prove that you have reafon for fuch a 
“‘ doubt.” After ftating a number: of very fatisfactory faéts of 
this kind you remark, that ‘ the inference from them. is very: 
‘* obvious; that they feem to fhew fufficiently, that human 
‘¢ life in males is.more brittle than in females, only in confe- 
<* quence of adventitious caufes, or of fome particular debility 
‘‘ which takes place in. polifhed and luxurious focieties, and: 
“ efpecially in great towns.” 

What thofe adventitious caufes are,.or how this particular | 
debility is produced and operates, are queftions which appear’ 
to me highly interefting and curious. I have therefore been at- 
confiderable pains to-examine and arrange a very accurate and: 
extenfive regiftry in fuch a- manner. as I hope will throw {ome- 
light on thefe queftions. As it is to the accuracy of modern: 
regifters that we are originally. indebted for our knowledge of 
the facts, in.queftion, I apprehend, it is-from the fame fource. 
only that we fhall be enabled fatisfaCtorily:to explain them. 

Of the regiftry. inclofed, I. beg leave to obferve to you, Sir,. 
that it has been kept from its-commencement by. a man of un-- 
common accuracy (one of the under-clerks of our Houfe of: 
Commons) ; and that as the poor women and their children are- 
obliged to pafs through his office, before leaving the Hofpital, . 
his fituation is fuch that there 1s no likelihood of his being: 
deceived. It exhibits to our view the occurrences of 28 years 
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in above 20,000 inftances: a number which I am inclined to 
think can hardly appear infufficient for eftablifhing fome general 
inferences and conclufions on a tolerably fure foundation. Al- 
though my reafoning on thefe matters fhould not appear very 
conclufive, or my calculations perfe&tly accurate, yet I flatter 
myfelf, that the facts will neither be unacceptable nor ufelefs 

to you. | 
I believe it may be fafely afferted, that anatomy has not 
hitherto detefted any internal difference between the animal 
ceconomy of the male and female, which can be fuppofed to 
account for their difference of mortality, more efpecially in 
early Infancy ; and this (it deferves to be particularly remarked) 
is the period during which the chances are much the greateft 
againft male life. It is a matter of common obfervation that 
males, ceteris paribus, grow to a greater fize than females, 
both :2 utero and every fubfequent period of their growth. Con- 
fequently, they muft meet with more difficulty, and endure more 
hardfhip and fatigue, in the hour of birth. Accordingly, 
practitioners in midwifry, taught by experience, know, that 
when any confiderable difficulty occurs in the birth of a child 
(for example, in all the different kinds of preternatural labours) 
they ftand a much better chance of faving the life of a female 
than of a male. It is on this principle we can explain what our 
- regiftry concurs with others in proving, vss. that near one-half 
more males than females are ftill-born. Naturalifts are agreed, 
that the head of the human feetus is larger in proportion to its 
body than that of any: other animal; and I believe it is certain, 
that no animal whatever brings forth its young with fo much 
difficulty, pain, and danger, as a woman. Now as we know 
that the head contains one of: the moft important organs of the 
body to life, it is highly reafanable to fuppofe, that any 
additional 
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additional injury which it fuftains in delivery may produce very 
material effeéts on the whole fyftem. ‘Thefe effects though . 
often may not be always immediate. ‘They may operate in 
weakening the male conftitution fo as to render it more apt 
to be affected by any exciting caufe of difeafe foon after birth; 
and lefs able to ftrugple againft it. It may be afked, how this 
will apply to the difference of mortality in great towns and 
country fituations? The anfwer evidently is, that in great 
towns rickets, {crophula, and other difeafes affecting the bones, 
and producing confequént mal-conformation of the female fex, 
are more frequent than in healthy country fituations. 

There is another circumftance, Sir, which miay have fome 
influence in producing that particular dedsity which you men- 
tion. Itis this: as the ftamina of the male are naturally éoti- 
{tituted to grow to a greater fize, a greater fupply of nourifh: 
rent #2 wtero will be neveflary to his growth than to that of a 
female. Defe&ts in this particular, proceeding from delicacy 
of conttitution or difeafes of the mother, muft of courfe be 
more injurious to the male fex. And although the male chil- 
dren may be fo lucky as to efcape abortion and the perils of 
delivery, it is probable, that they will be more apt to languith 
under difeafe, or die at forme future period, from the applica- | 
tion of noxious caufes to an originally half-ftarved frame. ‘To 
a perfon little accuftomed te confider phyfiological fubjeéts, 
this reafonmp miay appear fomewhat obfcure. It may, pér« 
haps, be fomewhat illuftrated by confidering that nourifhment 
of the ftetus 4fter birth which nature has provided for. Sup- 
pofe every mother in a gréaf city obliged to fuckle and nurfe 
her own child, w:rhout the affiftance of fpoon-meat; and every 
mother in the adjacent couritry todothe fame. Of the former 
there would not pethaps be one good nurfe in fives and of the 
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Jatter, perhaps, zof one bad in fen. ‘The difference of -mor=- 
tality that would enfue both to mothers and children thus 
fituated, and the greater fufferings of the male than female fex, 
~may be eafily conceived, but not eafily calculated. We fee 
that, when a woman conceives twins, and has two fcetufes i 
utero to nourifh inftead of one, it becomes peculiarly fatal 
both to her and her offspring. ‘The chances are above four to 
one greater againft her than againft a woman bringing forth 
one child, and about two to one againft her iffue *. 

Give me leave, Sir, to call your attention a little further to 
the facts relating to twins. They are fingular and curious, at 
the fame time that they ferve to confirm fome of the preceding 
reafoning. Near one-half more twins die, and near one-third 
more are ftill-born, than of fingle children. And why ?—It 
is not becaufe they meet with greater difficulties in the birth. 
On the contrary, it is a known faé, that, being much lefs 
than other children, women bring them forth with more eafe. 
Does it not then proceed from a fcanty nutrition, by which 
they are oftener blighted s# utero than fingle children ; and, 
when born alive, have lefs ftrength to fupport life through the 
firft ftages of its exiftence. 

It is farther worthy of obfervation, that though doub/e the 
numbers of twins die and are ftill-born, compared to fingle 
children, yet the, proportion of male twins loft to females is 
lefs. . Only one-fifth more of the male fex die than of the 
female, and only one-third more 1s ftill-born. Whereas of 
fingle children, whofe proportional mortality is one-half lefs, 
one-fourth more of the male fex die, and near double the num- 
ber is ftill-born. To what then are we to attribute this leffened 
mortality in favour of male twins? Probably to their bram and 


*® Compare the 7th and 34th, 6th and 33th inferences in the annexed extraéts. 
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nervous fyftem fuffering lefs during delivery, on account of 
their heads being much fmaller than thofe of fingle children. 
Were I difpofed to be prolix, I could offer many more plaufible 
arguments on this fubje&; but to you, Sir, I am fure they 
would be unneceflary. There is only one circumftance re- 
maining, relative to the proportion of the fexes, which 1 can- 
not pals over in filence. We fee evident wifdom in the creation 
of a greater number of males than females; but why the pro- 
portion they bear to each other differs in different countries and 
fituations, and why there fhould be a feventeenth more males 
born of fingle children than twins, are queftions which I leave 
to be decided by thofe philofophers who underftand the theory 
of generation better than Ido. Be this as it may, I am con- 
-vinced that the majority in favour of the male fex 1s fooner 
deftroyed than the generality of writers feem to be aware of. 
Did the limits of this letter permit, I think, I could prove 
from Dr. SHort’s own data*, that the majority of males is 
deftroyed long before the common marriageable period; but I 
fhall content myfelf with an obfervation or two on the regiftry 
before us. If one-half of the whole born in this hofpital die 
before three years, which is the eftablifhed computation for 
great cities; and if, on the lofs of fomewhat more than a 
third of this half, -a majority of 1177 be reduced to 483 3 bya 
lofs of 694, as appears from the regiftry, it is pretty evident, 
that by the death of the two remaining thirds, a majority, will 
be left in favour of the female fex. It i$ obvious, that the 
ftatement with regard to twins corroborates this fuppofition ; ; 
for of them, in{ftead of a fifth, there 1 is near one Aalf dead arid, 
ftill-born, the confequence of which is, that’ we fend out a 
majority of females. It may be objected, that their ‘males do 
*. New -Obfervations, p. 72. et feq. ~ 
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not bear fo great a proportion to the females; and that, theree 
fore, itis not to be expected they fhould keep up their majority 
fo long, But there is only a feventeenth fewer males pro- 
duced ; whereas it has been already fhrewn, that there is amuch 
greater proportion between the deaths of fingle and twin males 
againft the former and in favour of the latter. 

Such are the outlines, Sis, of my fentiments on this fub- 
jet. Ihave affumed the liberty of addrefing them to you 
without ceremony, as a well-wifher to every member of the 
republic of letters. I fhall be happy, fhould your fentaments 
happen to coincide with mine, or if ican be of any farthes 
fervicg in, promoting your very laudable inquiries. 

lL am,. 5ir,. with great refpe&, &c. 
JOSEPH CLARKE. 


Lying-in Hofpital,. 
June 9, 1785, 





Dr..CLarKe’s fecond Letter ta the Rev. Pr. Paicn 


$-1R,. Dublin, O&. 22, 1785. 


ENCOURAGED by your approbation of my former lete. 
ter, I will take the liberty of ftating to you a few more fatts 
and. obfervations, which I hope you will judge an Appendix ta 
‘at of fome importance. ° 

With. the view of afcertaining how far fome. of the fore 
Zeng conjectures are well. founded,. and. of determining with 

greater 
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greater preeifion the mote obvious differences between the male 
and female fex in infancy, I began in the month of July laft 
by weighing forty children, twenty of each fex, and by taking 
the dimenfions of their heads. In the months of Auguft and 
Sepfember I repeated the fame experiment twice, taking fuch 
children as appeared to have arrived at the full period of gefta-. 
tion promifcuoufly as they happened to be born. 

I weighed them all a few hours after birth, before they had 
taken food, and before purgative medicines had time to operate. . 
For this purpofe, I made ufe ofa {mall {pring or pocket fteelyard, 
which weighsany thing (not. heavier than a few pounds)appended - 
to it with fufficient accuracy. To this was attached a flannel 
bag, into which the children were put, at firft, naked; but: 
this I foon found very troublefome.. The nurfes often wanted 
time fufficient to affift me,.and timid mothers were afraid of 
their infants catching cold; I'was therefore obliged to weigh 
them with their cloaths ‘on, and to fubtract’a certain quantity: 
from the grofs weight of each child; according as ‘it was full, . 
middling, or light cloathed. - Whatever inaccuracy this may. 
have introduced, as to the real weight of the children, it can. 
but little influence their comparative weights, or the differences. 
‘between the two fexes, which it was my object to afccrtain. 

For meafuring their heads, I'made ufe of: a-piece of painted: 
er varnifhed linen tape, divided into inches, halves, and quar-- 
ters. The varnith has the good effect of preventing the length : 
of fuch a meafure being readily affected by variations in the- 
humidity of the atmofphere, &c. ;. and it has little or noelafti-- 
city. In this part of the experiment then I can pretend to: 
confiderable aceuracy. I took firft the greateft circumference - 
af the head from the moft prominent part of the. occiput: 
axound:over the frontal finufes; and, fecondly, the tranfverfe., 

| dimenfion: 
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dimenfion from the fuperior and anterior part of one ear, acrofs 
the rontanelle, to a fimilar part of the oppofite ear. Thefe di- 
menfions appeared to me the moft likely to afford data for deter- 
mining the re{pective fizes of the brain in the different fexes. 
The refult was as follows : 


Twenty males. Twenty females. 
Weight. Circum ‘erence Dimenfions Weight. Circumf. Dimen.from 
‘Ibs, &c. of heads. fromeartoear. Ibs.&c. of heads. ear to ear, 

Inches. Inches. Inches. Inches, 
Experiment I. 
149 282 152 137% 272 143 
Experiment 2, : 
1444 277 1463 135 272 14] 
Experiment 3. _ | 
148 280 1475 132 273 143} 
Totals, . 
442 | 839 445% 4043 817 433% 
Average weight, &c. 
4 lbs.g0z. 7dr. 14 7% 6lbs.1r0z.6dr. 13$ "5 


Having found the relative proportions between the fexes to 
turn out thrice with fo much uniformity, and obferving them 
to correfpond pretty nearly with fome experiments, made for 
very different purpofes by the late Profeffor RozprErsEr, of 
Gottingen, I did not think it neceffary to-profecute the fubject 
farther. 

Upon the whole, it may be obferved, that the difference of 
weight between the male and female at birth may be rated at 
about nine ounces, or nearly a twelfth part of the original 
weight. In the circumference of their heads there is a dif- 
ference of near half an inch, or about a 28th or goth part; 
and the fame proportion of a 28th is pretty nearly preferved in 
the tran{verfe dimenfion. It is evident, as the bony paffage 
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through which infants pafs is of a certain determined capa- 
city, that, were their heads equally incompreffible with thofe 
of adults, the difference of half an inch in their fize would 
often prove fatal to them. By the compreffibility of their 
heads, however, in well formed women, this difficulty is by 
time furmounted. The effects which fuch a compreffion on 
the drain may produce, have not hitherto been well attended 
to. 
In reckoning children, weighing from 5% to 6%, 6 pounds 
weight, and from 63 to 73, 7, and fo forth, in order to avoid 
fractions, I find the numbers of males and females, arranged 
according to their weight, to ftand as follow. 


Males. Females. 

Ibs. 4 =-5 6 FY 8 g ~ 10|!Ib. 4 § 6 7 8 Q 10 

o 3 6 32 1 2 1IN° 2 g 14 25 8 2 oO 
Hence it appears, that the majority of males runs thus: 
feven, eight, fix, five; whilft that of the females is feven, fix, 
five, eight. Hence alfo appears the merciful difpenfations of 
Pravidence towards the female fex; for when deviations from 
the medium ftandard occur, it is remarkable, that. they are. 
much more frequently. below than above this ftandard. In 
120 inftances there are only five children exceeding eight 
pounds and a half in weight. The fame may be obferved | 
with regard to the fize of their heads. Only fix meafured 
above 14} inches in circumference, and thefe all of the male. 
fex; five meafured 143, and one 15. In tranfverfe dimen-, 
fions only four exceeded 73, the largeft of which was 84; 
whereas deviations under the ftandard in thefe particulars were 
very numerous, never however under 12 around and 63 acrofs. 


In 
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‘Tn the year 1753, Dr. RoeDERER publithed a Paper, De pone 
dere et longitudine Infantum recens naterum, in the Commen- 
taries of the Royal Society of Gottingen, of which the cele- 
brated HALLER was the principal inftitutor, and long the pre- 
fident. In this Paper he proves, in the cleareft manner, by 
inconteftible experiments, the abfurdity of the ideas of obfte- 
tric writers -with regard to the progrefs of the ovum during 
geftation, andthe weight of the foetus after birth. He fhews, 
although -they ftate the weight of the foetus, come to the full 
time, to be from 12 to 14 or 16 pounds, that it is more 
generally 6 or 7, and very rarely exceeds eight. This de- 
ferves particular notice for two reafons; firft, becaufe it ferves 
‘to fhew how little dependence 1s to be placed on the affertions of 
. authors who copy each other fervilely, without having recourfe 
to experiment even in the moft obvious cafes; and, fecondly, 
becaufe this paper has been overlooked by fome of the moft 
celebrated writers and teachers:of midwifry now living. What 
idea are we to form of the accuracy of one of our lateft 
fyftematic writers, who (telling us that he has been a pra&ti- 
“tioner of midwifry, in a-capital city, for twenty years, and a 
teacher for more than twelve) ftates, in one page of his work, 
that the weight of a foetus at eight months is about feven 
pounds; and on the oppofite page, ‘that at full time it weighs 
from twelve to fourteen pounds *? 

Of 27 children, carried to the full period of geftation, 
weighed and meafured in length by Rozperer, without any 
attention to the difference of fex, I find, that 18 were of the 
_amale and 9 of the female fex; and that the average weight of 


* See a Treatife of Midwifry (p, 88. and 8g,) divefted of sechaical terms and 
abfirufe theories, by A. Hamitton, M, D. 8° edit. London, 1781, 
2 the 
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the former was about 6 lbs. 9 oz., that of the latter about 
6 Ibs. 20z. 2dr. Whether he and I ufed the fame weights, f 
cannot exactly fay. He obferves, that he ufed the civil pound of 
Gottingen, which I can eafily perceive confifted of 16 ounces, 
as mine did; but whether a German ounce be the fame with outs, 
I have not data to determine. The average length of the males 
meafured by him is about 20 inches, and of the females about 
19:2. He weighed alfo the placente of 21 lying-tn women, 
16 of whom had borne male children, and five female. The 
average weight of the former was 1 tb. 2} 0z.; that of the 
latter 1 lb. 2.0z. Hence it appears, that im other ctrcum- 
ftances, befides thofe I have taken notice of, the male and 
female fex differ. So far I thought it neceflary to take extracts 
from Dr. RorepeErer’s paper, as his obfervations and mine 
throw light on each other, and add confirmation to both. 

The limits of this letter will not permit me, Sir, to trefpafs 
much farther on your patience. There is one circumftance or two 
~ fo intimately connected with my former letter, that I cannot 
pafs them over in filence. Having found that males fuffer 
more in the birth than females, I was defirous of knowing 
whether the chance of the mother’s recovery was thereby in 
any degree affected ; and to determine this I was once more at 
the pains of turning over our regiftry with care. I found, 
that of 214 women, dead of fingle children, 50 were deli- 
vered of ftill-born males, and 15 of ftill-born females; 76 of 
living males, and 73 of living females. Of the 15 dead of 
twins, 6 had twins one of each fex; 6 others had twins both 
of the male fex; and three had twins both of the female fex. 
All of which twins (two or three excepted), it is very re- 
markable, furvived the death of their mothers. It would 
appear then, that the life of the mother is principally endan- 

VoL. LXXVI, Bbb gered 
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gered in thofe cafes where the bulk of the male’s head-pre- 
cludes the poffibility of his being brought into the world alive, 
either by the efforts of nature or art. The conception of twins 
we have obferved to be more fatal to the mother than that of 
fingle children. The average weight of 12 twins, which have 
occurred to me of late, I find to be 11 Ibs. a pair. The largeft 
pair weighed 13 lbs. and the leaft 8%. From fome rude at- 
tempts made to afcertain the weight of the contents of the 
gravid uterus in cafes of twin and fingle children, I am in- 
clined to think, that they are to cach other as about 15 to Io, 
or perhaps 144 to 9}. 


Believe me, Sir, with great refpett, &c. 
J. CLARKE. 


‘An Abftratt 
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nthe year 1757 to 1784. 


' yarous, Twins, Triplets, &c. 


Children, 
Sexe.’ Dead. $uill- bores 
M. F. MOF, M. F. 
342 320 116 9! 29 «20 
320 QI 20 
662 207 49 
49 


Total 256 dead and fiill-born. 
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twins to females born iy. © 17t0 16 
. } dying under 16 days e » Ito 3 
| ftill-born ‘ ° . x to 13} 
twins dying to females «6 §to 4 
suatme ftill-born to ditto , . 3to 2 
rorn atid dead of each fex to the whole ‘1 to 2¢ 
m dying e ° ° I to 22 


Totals of twins, ac. dead and ftill-born. 
Males, § Females, 


116 gt 
29 20 
145 sa 
7 Born 342 320 
Dead and fill-born 145 11 
Sent out living 197 209 
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XVIII. Some Particulars of the prefent State of Movnt Vetfu- 
vius; with the Account of a Fourney into the Province of 
Abruzzo, and a Voyage to the Ifland of Ponza. In a Letter 
Jrom Sir Wijliam Hamilton, K. B. F.R. S.. and A. S. to 
Sir Jofeph Banks, Bart. P. R. S.. 


Read May 4, 1786. 


SIR, Foes Naples, January 24, "1786. 


HE eruption of Mount Velavius, which: began inthe 

month ‘of November.1784, ‘nearly ‘at the ‘moment. of 
my return from England to this Capital, and which continued 
in fome degree till about the 2oth of laft month, has afforded 
much amufemient: to travellers unacqaainted: ‘with this wonderd 
ful operation of nature, but no new: circumftanae:.that could 
juftify my troubling you with a letter om¢he: fubged. . The. 
lava either overflowed the rim of the craters or affned. from 
fmall fiffures on ite borders, on that fide which faces the moun- 
tain of Somma, and:ran_ more dr: lefs in one, and at times in 
thres or four channels, regularly formed, down ‘the flanks of 
the conical part of the volcano; fometimes defcending and 
fpreading itfelf in the valley between the tavg: maurtains ;: and 
once, when the eruption was in its greatett force, i in ‘the month 
of November laft, the lava defcended ftill lower, ‘and did fome 
damage to the vineyards, and cultivated parts at the foot of 
Vefuvius, towards the village of St. Sebaftiano; but generally 
ah Bbb 3 . the 
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the lava, not being abundant, {topped and cooled before it was 
able to reach the valley. By the accumulation of thefe lava’s 
on the flanks of Vefuvius, its form has been greatly altered ; 
and by the frequent explofion of fcorie and afhes, a conf- 
derable mountain has been formed within the crater, which 
now rifing- much above its rim has likewife given that part of 
the mountain a new appearance. Juft before I left Naples, in 
May 1783, I was at the top of Vefuvius. -The crater was cer- 
tainly then more than 250 feet deep, and was impracticable, its 
fides being nearly perpendicular. This eruption, however, 
has been as fatisfa€tory as could be defired by the inhabitants 
of this city, a prodigious quantity of lava having been dif- 
gorged; which matter, confined within the bowels of the 
earth, would probably have occafioned tremors ; and even flight 
ones might prove fatal to Naples, whofe houfes are, in. gene 
ral, very high, ‘ill built, and a great number in almoft every 
firest already fupported by props, having either fuffered by 
former earthquakes, or‘ from the loofe volcanic {oil’s having 
been wafhed from under their foundations by the tarrents of 
ain water frem the high grounds which furreund Naples, ané 
on which @ great part of the town sticlf 1s built. 

From the time of the laft formidable eruption of Mount 
Vefavius, in Auguit 1779 (defcribed in one of my former 
communications to the Royal Sasiety) to this day, I have, 
with the affiftance of the Father Antonio Piaggi*, kept an 
éxact, diary of the operations of Vefuvius, with drawings, 
thewing, by the quantity of fmoke, the degrees of fermenta- 


* This Padre Antonio Piaggi is the ingenious Monk who invented the method 
of unfolding and recovering the busnt ancient manufcripts of Herculaneum, and 
who refides conflantly at Refina, at the foot, and in full view, of Mount 


Vefuvius. . 
4 tion 
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tion of the volcano; alfo the courfe of the lava’s during this 
laft eruption, and the changes that have been made in the form 
of the mountain itfelf by the lava’s and fcoria that have beer 
eje&ted. This journal # becoming very curious and interefting 3 
at is remarkably fo with refpe& to the pointing out a-variety of 
fingular effects that different currents of air have upon the 
{moke that iflues from the crater of Vefuvius, elevated (as you. 
know, Sir) more than 3600 feet above the level of the teas 
but, except the {moke increafing confiderably and conftantly 
when the fea is agitated, and the wind blows from that quarter,. 
the operations of Vefuvius appear to be very capricious and 
un¢ertain. One day there will be the appearance of a violent 
fermentation, and the next dll is calmed again : but whenever 
the {moke has been attended. with confiderable ejeCtions of 
{cori@ and cinders, I have conftantly obferved, thatthe Java. 
has foon after made its appearance, either by boiling over, the 
Ctater, or forcing its paflage through crevices in the conical. 
part of the.volcano. Aa long as I remain tu this country, and 
have the neceffary affiftance of the above-mentioned ingenious 
Monk (who is as excellent a draughtfman as he is an accurate 
and diligent obferver) the Vefuyian, diary: thall. be, continned 3. 
and J hope one day to have the hononr of prefenting thefe 
curious manufcripts (which begin now to be voluminous) ta - 
the Royal Society, if it fhould think them worthy of a place 
in the Library of the Society. 

Having never had an opportunity of examining the iflands of 
Ponza, Palmarole, Zannone, and other {mall iflands, or rather 
rocks, fituated between the ifland of Ventotiene and Monte 
Circello, near Terracina, on the Continent; and thinking 
that by a tour of thefe iflands I fhould be enabled to render 


my former obfervations more complete, and to communicate 
3 to 
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to you, Sir, {ome account of the only volcanic parts of this 
neighbourhood hitherto undeferibed, I determined to take 
advantige of the abfence of their Sicilian Majefties (who were 
then making the tour of Italy) and vifit thefe iflands. But be- 
‘fore I put this plan in execution, I ‘made a long excurfion in 
the province of Abruzzo, as far as the Lake of Celano, an- 
ciently called Fucinus, and where the famous Emiffary of the 
Emperor CLaupius (a moft {tupendous work * for draining 
that lake) remains nearly entire, though filled up with rubbifh 
and earth in many parts, and of courfe ufelefs. ‘The water of 
this lake, which ts‘more than jo miles_in circumference, in~ 
creafes daily, and is deftroying the rich and cultivated plains 
on its borders. It is furrounded by very high mountairis, 
matiy of them covered with’ faow, and at the foot of them’ 
are many villages, and rich and well cultivated farms. Upon 
the whole it is the moft beautiful lake I ever faw,! and would be 
complete, if the neighbouring mountains were better wooded.’ 
This lake furnifies abundance of fifth, but not of the beft 
quality: a few ‘large trout, but moftly terich, barbel, and 
dace. In the thallow ‘water on the borders of the lake, I faw 
thoufands of water fnakes, purfuing and preying upon a little 
fith like our thornbacks, but much better’ armed, though their 
defenfive weapons feemed to ae them but little againft fuch 
_ ravenous fides. 

I went with torches into the emiflary of Craunius as far as 
Icould. It is a coveted under-grdund canal, three miles long, 
dnd great part of it cut through'a hard-rock; the other parts 
fupported by mafonry, with wells funk to give air and light. 

* A defcription of this emiffary of CuAusive, awith plans (though not very 
exact) has been publifhed by Fasrerrz, in ca fame book in which he has given 


an account of ‘Trayaw’s column. 


a According 
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According to Suztonius, CravDivs employed thirty thou- 
{and men eleven years on this great work, intended to convey 
the fuperfluous water of the lake into the bed of the river Liris, 
now called Garighano; and I make no doubt, but that if it 
was cleared and repaired, it would again anfwer that purpofe. 

In its prefent {tate it is a moft magnificent monument of 
antiquity. 

The whole country from Arpino, the native place of Ma- 
rius *, by Ifola, Sora, Civitella, apd Capiftrello, to the lake. 
of Celano, 1s, in my opinion, infinitely more beautiful and. 
picturefque than any {pot I have yet feen on the Alps, in Savoy, 
Switzerland, or the Tyrol. The road is not.paflable for car= 
riages, and indeed is fcarcely fo, even in fummer, for horfes or.. 
mules, and is often infefted with banditti; a party of which, 
confiftang of twenty-two, had quartered themfelves in a village. 
which I paffed through, and left it but a week befare my: 
arrival. There are many wolves and fome bears in the adja- 
cent mountains, which alfo commit their depredations in the - 
winter. The tyger-cat, gatto pardo, or lynx, is. fometimes . 
found in the woods of this. part of Abruzzo. 

The road follows the windings of. the Garigliano, which is- 
here a beautiful clear trout ftream, with a great variety of - 
cafcades and water-fulls, particularly a double one at Ifola, - 
near which place Cicero had 4 villa, and there are ftill fome . 
remains of it, though converted to a chapel.. The valley is . 
extenfive, and rich with fruit trees, corn, vines, and olives. 
Large tracts of land are here and there covered with woods of : 


* Marius had a large villa, about twelve miles diftant. from Arpino. I . 
went to vifit the fpot, on which now ftands the only convent of the auftere.: 
order of La Trappe in Italy, It is in the Pope’s ftate, and has been evidently - 
built of the ruins of Manrrus’s house, and its prefent name is Ca/a Mari, 
| oak 
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oak and cheftnut, all timber. trees of the largeft' fize’ The 
mountains neareft the: valley rife gently, and are adorned with 
either modern caftles, towns, and villages, or the ruins of ancient 
ones. The next range of mountains, rifing behind thefe, are 
covered with pines, larches, and fuch trees and fhrubs as 
ufually abound in a like fituation: and above them a third 
range of mountains and rocks, being the moft elevated part 
of the Apennine, rife much higher, and, being covered with 
eternal {now, make a beautiful contraft with the rich valley 
above-mentioned ; and the {now isat fo great a diftance, as not 
to give that uncomfortable chill to the air, which I have 
always found in the narrow vallies of the Alps and the Tyrol. 
Excufe me, Sir, 1f from the impreffion which this enchantifg 
and little frequented country has left on my mind, I have been 
led to depart from the fubje@ of this letter, to which I will 
return directly. 

On the 15th of Augutt laft I went in.a felucca to the ifland 
of Ifchia. I have nothing to add to my former obfervations on 
‘this ifland, already communicated to the Royal Society; ex- 
cept that about fixty yards from the fhore, at a.place called St. 
Angelo, fituated between the towns of I{chia and Furia, a 
‘column of boiling water bubbles upon the furface of the fea 
with great force, and communicates its heat to the water of 
the fea near it; but as the wind was very high, and the furf 
confiderable, I was not able then to examine this curious {pet 
as I could have wifhed, but will return there on purpofe fome 
other time. The inhabitants of the neighbourhood told me, 
that it always boiled up in the fame manner, winter and fum- 
mer; and that it was of great ufe to them in bending their 
planks for fhip-building ; and that the fifhermen alfo frequently 


made ufe of this natural cauldron to boil their ffh. Though I 
have 
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have paffed at different times many weeks in the ifland of 
Ifchia, I never before heard of this phenomenon; but in my 
defcription of this ifland mention is made of feveral fpots 
where, near the fhore, I had found, when bathing in the fea, 
the fand under my feet fo hot as to obligé me to retire haftily. 
This boiling {pring reminds me of one near Viterbo in the 
Roman State, which I have feen, and is called the Bulicame. 
It is acircular pool of about fixty feet in diameter, and ex- 
ceedingly deep, the water of which is conftantly boiling. It 
is fituated in a plain furrounded by volcanic mountains. A 
{tony concretion floats on the furface of the pool, which being 
carried off by the fuperfluous water is depofited, and is con- 
{tantly forming a labes or tuffa, of which all the foil around 
the pool is compofed. You have feen, Sir, the like operation 
in greater perfection in Iceland, at the famous boiling fpring of 
Geyfer. I am convinced, that many of the finer fort and 
mioft compact tuffa’s we meet with, in countries formed by vol- 
canoes, have been produced in the fame manner. 

The 18th of Auguft I arrived at ‘the ifland of Ventotiene, 
about twenty-five miles from Ifchia. It is greatly improved 
fince my former vifit, feven or eight years ago, when his Sici- 
lian Majefty firft planted a little colony there. It then pro- 
duced neither corn nor wine; ‘now it furnifhes annually at leaft 
feventy butts of wine and two thoufand fomols of corn. The 
foil is remarkably fertile, from whence it probably took its 
ancient Greek name of Pandataria. This ifland contains at 
prefent more than three hundred inhabitants. The ifland of 
Ventotiene, and the fmaller one called St. Stefano, within a— 
mile of it, having. been defcribed in my Campi Phlegrei, as 
being both entirely compofed of volcanic matter, I need not 
trouble you further on their fubjeét; I will only mention a 

Vor. LXXVI. Cec curious 
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curious circumftance in the natural hiftory of birds, of which 
I was informed by an officer of the garrifon of Ventotiene, 
who is a great fport{man, and fhoots often in the ifland of St. 
Stefano, inhabited only by hawks, and a large kind of fea- 
gulls; but is occafionally vifited, as a refting place, by divers 
forts of birds of paflage. In the month of May great flights 
of quails arrive there from Africa, {pent with fatigue; and 
many of them fall an eafy prey for the hawks and fea-gulls; 
but, as their arrival depends upon one prevailing wind, there 1s 
often an interval of many days between one flight and another. 
My informer affured me, that the hawks conftantly, during the 
flights, make a provifion of each day’s prey, laying them up 
in feparate heaps of fix or feven near their haunts, always 
feeding firft upon thofe of the oldeft date. The fea-gulls -have 
not the fame forefight, but greedily fall upon their unhappy 
victims in their languid ftate before they reach the fhore, and, 
having beat them down into the fea, {wallow numbers of them 
whole. Extraordinary as this may appear, yet as facts related. 
by perfons of credibility in any branch of natural huiftory 
are always pleafing, I thought you would excufe this digref- 
fion. Give me leave likewife to add, for the information of the 
curious in antiquities, that, during my ftay in the ifland of 
Ventotiene, I got out of the ruins of an elegant ancient bath 
({uppofed to have been built for the ufe of Jura, daughter of 
Aveustus, whilft the was in exile here) a fragment of a tile, 
on which are {tamped the following characters in. baffo relievo, 


HACINI 
IVLIAI / 
AVGVS. F 


_ which, according to the interpretation of a celebrated anti- 
quary at Naples, mean Opus Hacin1 ad commodum Balne 
Jetta Aveusrs fadum. Iwasinformed, that feveral entire 

tiles, 
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tiles, with a like infcription, had been dug up on the fame fpot, 
and had been made ufe of in building the church and barracks 
newly erected in this ifland. Another fragment of a tile was 
likewife found here, and given to mé, with the following 
in{cription : 
SAB. A Pi. 
which the fame antiquary explains, SABINAE AVGVSTAE, Pie 
Imperatrici dicatum Balneum; but, I believe, there is no men- 
tion in ancient authors of Sasina having been at Pandataria 7 
of Jutra’s banifhment to this ifland there can be no doubt. 
Between Ventotiene and the ifland of Ponza, and from the 
latter at the diftance af about twelve miles, a group af rocks 
rife feveral feet above the furface of ‘the fea. They are called 
the Boste, and are compofed of a compact lava; probably they 
are the {mall remains of another volcanic ifland, the fofter 
parts of which may have been carried off and Jevelled by the 
action of the fea, which ts open and violent here. — , 
The zoth of Auguft I arrived at the ifland of Ponza, about — 
thirty miles from Ventotiene, and the next day I went round 
it in my boat. It is near five miles long: its greateft breadth 
not more than half a mile, and in fome parts net more than 
five hundred feet. It is furrounded by innumerable detached 
rooks, fome of them very high, and moft of which are of 
lava; in many are regularly formed bafaltes, but none in large 
celumns. in fome parts the bafaltes have a reddifh tint of 
iron ochre, are very {mall, and irregularly latd one over another. 
Some mafles of them are in a perpendicular, others in an hori- 
zontal, and others again in an inclined pofition : and the rocks 
themfelves, in which thefe mafles are found, are lava of the 
fame nature as the bafaltes. At firft fight thefe rocks have 
very much the appearance of the ruins of ancient Roman 
Ccc2 brick 
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brick or rather tile buildings, as may be feen in the drawing 
(fee Tab. XI. fig. 1.) taken on the fpot. One rock, as appears 
in the drawing (fee Tab. XII. fig. 4.) is compofed of large 
{pherical bafaltes; and in many parts of the 1fland I found the 
lava had inclined to take the like fpherical form, though ona 
much f{maller fcale, fome of the firft mentioned round bafaltes 
being near two feet in diameter. All thefe rocks have certawnly 
been detached by the a€tion'of the fea from the ifland, which 
is intirely compofed of volcanic matter, lava’s, and tuffa’s, of 
various qualities and tints, green, yellow, black, and white. 
Some of the tuffa’s, as well as the lava’s, are of a texture 
more compact than others; and in fome parts of the ifland 
great traéts feem to have undergone the fame operation as is 
mentioned in one of my former communications to be in full 
force at a {pot called the Pifciarelli, on the outfide of the Sol- 
faterra, near Puzzole, and where a hot fulphureous vitriolic 
acid vapour converts all which it penetrates, whether lava’s, 
tuffa’s, volcanic afhes, or pumice ftones, into a pure clay, 
moftly white, or with a light tint of red, blue, green, or 
yellow. The appearance of a tra& of volcanic country, which 
has undergone this operation, is well expreffed in the view of 
the infide of the harbour of Ponza (Tab. XI. fig. 2.). But I 
was fo ftruck with the beautiful and uncommon appearance of 
one of thefe high volcanic grounds converted to a pure light- 
coloured clay (Tab. XII. fig. x.) in contraft with a neighbour- 
ing dark bafaltic rock, that I caufed the drawing, which 
accompanies this letter (fee Tab. XII.) to be made on the fpot. 
You, Sir, who have feen fuch a variety of countries, will ftill 
think this view fingular and beautiful. I can affure you, it is 
very exact, except the rock of round bafaltes (fig. 4.) which, 
in nature, is at a diftance from this {pot, and only placed here 
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to illuftrate what I have written on its fubjeét. In one part of 
the ifland there is a fort of tuffa, remarkably good for the pur- 
pofe of building. It is as hard as our Bath ftone, and nearly 
of the fame colour, without amy mixture of fragments of. 
lava or pumice ftone, which ufually abound in the tuffa’s in 
the neighbourhood of Naples, Baia, and Puzzole. 

The drawing (fee Tab. XI.), which is a view of the harbour: 
of Ponza, will give you a very good idea of the appearance of 
the ifolated rocks of lava and bafaltes which have been fepa« 
rated, by the force of the fea, from the fofter parts of the 
ifland, and of which there are an infinite number, as you will 
fee in the exact geometrical plan of the ifland of Ponza (Tab.. 
X.), which likewife accompanies this letter. 

When I was laft in England, I inquired: of: many of the 
manufacturers of glafs, whether it had ever happened, that 
the glafs cooling in their furnaces had taken any diftiné& forms. 
like prifms or cryftallizations’; but I got no fatisfa€tory anf{wer 
until I applied to the ingenious Mr. Parxer, of Fleet-ftreet, . 
who not only informed me, that, fome years ago, a quantity 
of his flint glafs had been rendered unferviceable by taking 
fuch a form in cooling; but alfo gave me feveral curious fpecis- 
mens of the glafs itfelf: fome of them are in laminz, which. 
may be eafily feparated ; and others refemble bafaltic columns 
in miniature, having regular faces. I was-much pleafed with 
this difcovery, proving to me, beyond a doubt, the volcanic 
origin of moft bafaltes. Many of the rocks of lava of the 
ifland of Ponza are, with refpe& to their configurations, 
ftrikingly like the fpecimens of Mr. Parker's above-men- 
tioned glafs, none being very regularly formed bafaltes, but alk 
having a tendency towards it. Mr. Parxer could not account 
for the accident that occafioned his glafs to take the bafaltic 
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forms; but I have remarked, both in Sicily and at Naples, 
that fuch lava’s as have run into the fea, are either formed into 
regular bafaltes, or have a great tendency towards fuch a form. 
The lava’s of Mount Etna, which ran into the fea near Taccs, 
as appears in my account of them in the Campi Phlegrei, are 
perfect bafaltes; anda lava that ran into the fea from Mount 
Vefuvius, near Torre del Greco, in 1631, has an evident ten- 
dency to the bafaltic forms. On Mount Vefuvius I never 
found any thing like columns of bafaltes, except the above- 
‘mentioned at Torre del Greco, and fome fragments of very 
complete ones, which I picked up near the crater, after 
‘the eruption of 1779, and which had been thrown out of the 
mouth of the volcano. 

The ifland of Palmarole, agit is about four mules from 
Ponza, is not much more than a mile in circumference, ts 
-compofed of the fame volcanic matter, and probably was once 
a part of Ponza; and indeed it appears as if the ifland of 
‘Zannone, which lies at about the fame diftance from the ifland 
‘of Ponza, was:once likewie a part of the fame ifland of Penza; 
for many rocks of lava rife above water in a line between 
tthe two Inft mentioned iflands, and the water is much thal 
‘lower there than in the ether parts of the gulph of ‘Terracina. 

The ifland ef Zannone ts larger and much higher than Pals 
‘marole, and the half ef the ifland neareft the Continent 3s 
‘compofed of a lime-ftone, exactly fimilar to that of the Apen- 
nines, on the Continent near it; the other half -#s compofed of 
lava’s and tuffa’s, refembling in every re{pec& the foal of the 
‘other iflands juft defcribed. Neither Palmarole nor ‘Zannone 
ate inhabited; but the latter furnifhes brufhwood in abun= 
‘dance for the ufe of the inhabitants of Ponza, whofe number, 
ancluding the garrifon, amounts to smear feventeen hupdred, 

The 


of the Iand cf Ponza. 377 


The uninhabited ifland of St. Stefano furnithes fuel in the like 
manner for the inhabitants of Ventotiene. 

It is probable, that all thefe iflands and rocks may in time be 
levelled by the action of the fea. Ponza, in its prefent ftate, 
is the mere fkeleton of a volcanic ifland, as little more than its 
harder vitrified parts remain, and they feem to be flowly and 
gradually mouldering away. Other new voleanic iflands may 
likewife be: produced in thefe parts. 

_ The gulphs of Gaeta and Terracina may, in the courfe of 
time, become another Campo Felice *; for, as has been men- 
tioned in one of my former communications on this fubjeét,. 
the rich and fertile plain. fo called, which extends. from the: 
bay of Naples to the Apennines, behind Caferta and Capua,. 
has evidently been intirely formed by. a-fucceffion of fuch vol-. 
canic eruptions. Vefuvins, the Salfaterra, and the high volcae 
nic ground, on which. great part of this city is built, were- 
once probably iflands;.; and we may conceive,. the iflands. 
of Procita, Ifchia, Ventotiene, Palmarole, Ponza, and Zan-- 
nane, to be the outline of. a. new portion of land, mtended. by- 
nature to be added to the neighbouring Continent. and the. 
Lipari iflands (all of. which are volcanic) may be looked upon. 
in the fame light with. refpec&t to a future intended addition. of. 
territory to the ifland of Sicily. If you caft your eye, Sir, on, 
the map at the head of: my defcription of the Campi Phlegrai,, 

you will better underftand my meaning. 


# The governor of the caftle of Ponza, who has refided there fifty-three years,. 
told me, that the ifland wae {till fubjeé to earthquakes; that there had been ona. 
wolent fhock there about four years ago; but that the moft violent ons he ever: 
felt there was on the very day and hour of the great earthquake which deftroyed: 
Lifbon; that two houfes out of three, which were then on the ifland, were thrown, 
down. This feems to prove, that the volcanic matter, which. gave birth to thefe- 


iflands, is noe exhaufted.. 
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The more opportunities I have of examining this volcanic 
country, the more I am convinced of the truth of what I have 
already ventured to advance, which is, that volcanoes fhould. 
be confidered in a creative rather than a deftructive light. 
Many new difcoveries have been made. of late years, particu- 
larly, as you well know, Sir, in the South-Seas, of iflands 
which owe their birth to volcanic explofions ; and fome, indeed, 
where the volcanic fire ftill operates. I am led to believe, that 
upon further examination, moft of the elevated iflands at a 
confiderable diftance from Continents would be found to have a 
volcanic origin ; as the low and flat iflands appear in general to 
have been formed of the fpoils of fea produétions, fuch as 
corals, madrepores, &c. But I will ftop here, and not deviate 
from the plan which I have hitherto ftrictly followed, of 
reporting faithfully to my learned Brethren of the Royal So- 
ciety fuch facts only as come immediately under my own ob- 
fervation, and as I think may be worthy of their notice, 
and leave them at full liberty to reafon upon them. — 

We may flatter ourfelves, as a very great progrefs has been 
made of late years in the knowledge of volcanoes, that by 
combining fuch obfervations as we are already in poffeffion of, 
with thofe which may be made hereafter, in the four quarters 
of the world (in all of which nature feems to have operated in 
a like manner), a much better theory of the earth may be efta- 
blifhed than the miferable ones that have hitherto appeared. 

Thofe who have not had an opportunity of examining 2 
volcanic country, as I have for more than twenty years, would 
little fufpeét, that many curious produétions and combi- 
nations of lava’s and tuffa’s were of a volcanic origin ; efpe- 
cially when they have undergone various chemical operations 
of nature, fome of which, as I have mentioned in a former 
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communication, as well as in this, have been capable of con- 
verting tuffa’s, Java’s, and puaaice ftone, into the puretft 
clay. , | 
{ have remarked, that young obfervers in this branch of 
natural hiftory are but too apt to fall into the dangerous error 
of limiting the order of nature te their confined ideas: for 
example, fhould they fufpe& a mountain to have been a vol- 
cano, they immediately climb to its fummit to feek for the 
crater, and af they neither find one, or any figns of lava or 
pumice-ftone, directly conclude fuch a mountain not to be 
volcanic: whereas, only fuppofe Mount Etna to have ceafed 
erupting for many ages, and that half of its conical part 
fhould have mouldered away by time (which would naturally 
be the confequence) and the harder parts remain in points, 
forming an immenfe circuit of mountains (Etna extending at 
its bafis more than one hundred and fifty miles); {uch an ob- 
ferver as I have joft mentioned would certainly not find a crater 
on the top of any of thefe mountains, and his ideas would be 
too limited to conceive, that this whole range of mountains 
were only part of what once conftitated a complete cone and 
crater of a volcano. It cannot be too ftrongly recommended 
to obfervers in this, as well as in every other branch of natural 
hiftory, not to be over-hafty im their decifions, nor.to attribute 
every production they mect with to a fingle operation of na- 
ture, when perhaps it has.uadergone various, of which I have 
given examples in the ifland which has been the principal fub- 
ject of this letter. ‘That which was one day in a calcareous 
ftate, and formed by an infec in the fea, becomes vitrified in 
another, by the ation of the volcanic fre, and the addition 
of fome natural ingredients, fuch as fea falts and weeds, and 
is again transformed to a pure clay by another curious proces 
Vov. LXXVI. Ddd of 


380 Sir Witt1AM Hamiton’s Defeription 


of nature. The naturalift-may indeed decide as to the prefent 
quality of any natural production ; but it would be prefump- 
tion in him to decide as to its former ftates. As far“as I can 
judge in this curious country, active nature feems to be con- 
{tantly employed in compofing, decompofing, and recom- 
pofing ; but furely for all-wife and benevolent purpofes, though 
on a {cale perhaps much too great and extenfive for our weak and 
limited comprehenfion. 
I have the honour to be, with great regard and efteem, &c. 
W. HAMILTON. 


POS TS C RIP T. 


THE earth is not yet fo perfectly quiet in Calabria and 
at Meffina, as to encourage the inhabitants to begin to re- 
build their houfes, and they continue to live in wooden bar- 
racks. There has, however, been no earthquake of confe- 
quence during thefe Jaft three months. My conjeéture, that 
the volcanic matter (which was fuppofed to have occafioned 
the late earthquakes) had vented itfelf at the bottom of the 
fea between Calabria and Sicily, feems to have been verified; 
for the pilot of one of his Sicilian Majefty’s {ciabecques, hav- 
‘ing fome time after the earthquakes caft anchor off the point 
‘of Palizzi, where he had often anchored in twenty-five fathom 
“water, found no bottom till he came to fixty-five fathom, and 
having founded for two miles out at fea ‘towards the point of 
Spartivento in Calabria, he ftill found the fame confiderable 
‘alteration in the depth of the fea. The inhabitants of Palizzi 
likewife declare, that during the great earthquake of the sth of 
February, 1783, the fea had frothed and boiléd up tremen- 


doufly off their point. 
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EXPLANATION OF THE PLATES, 


Tab. X. Plan of the ifland of Ponza. 
Tab. XI. View of part of the infide of the harbour of the 
ifland of Ponza. 
Fig. 1. Rock of lava, which in many parts is formed 
into regular {mall bafaltes of a reddith caft, having 
_ probably been tinged with fome ochre. Moft of the 
detached rocks of this ifland refemble this. 
Fig. 2. See p. 374. 
Tab. XII. View taken from the outfide of the harbour of the 
ifland of Ponza, near the Lighthoufe. | 
Fig. 1. Rock of volcanic matter converted to pure 
clay. 
— 2. Ditto, with ftrata of pumice-ftone. 
— 3. Rocks of lava inclining to take bafaltic forms. 
—- 4. Rock compofed of {pherical bafaltes. 
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XIX. An Account of anew Electrical Fifh. Ina Letter from 
Lieutenant William Paterfon to Sir Jofeph Banks, Bars. 
P. @ R. 5 o 


Read May 11, 1786. 
SIR, 


Wille at the iffand of Johanna, one of the. Comora 
| iflands, im my way to the Eaft-Indies, with the 98th 
Regiment, I met with an electrical fifth, which has hitherto 
efcaped the obfervation of naturalifts, and feemsa in many re- 
{pects to differ from the electrical fifhes already defcribed ; 
which induces me to fend you the following account of it, 
with a very imperfe& Drawing, and to beg that, if you think 
it deferves attention, you will do me the honour of prefenting 
it to the Royal Society. The fituation of a fubaltern officer, 
in an army upon foreign fervice, will, I hope, fufficiently 
apologize for my fending you fo very imperfe& a fketch of 
the fith, which was made in the field, in a hot climate, under 

every difadvantage. | 
The fith is feven inches long, two inches and a half broad, 
has a long projecting mouth, and feems to be of the genus Te- 
trodon. The back of the fifh is a dark brown colour, the belly 
part of fea-green, the fides yellow, and the fins and tail of a 
fandy green. The body is interfperfed with red, green, and 
white fpots, the white ones particularly bright; the eyes large, 
the iris red, its outer edge tinged with yellow. (See Tab. XIIL) 
3 The 
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The ifland of Johanna is fituated in latitude 12° 13’ fouth, 
The coaft is wholly compofed of coral rocks, which are in 
many places hollowed by the fea. In thefe cavities I found 
feveral of the electrical fifhes. The water is.about 56° or 60° 
of heat of FanrENHEIT’s thermometer. I caught two of 
them in a linen bag, clofed up at one end, and open at the 
other.. In attempting to take one of them in my hand, it. 
gave me fo fevere an electrical fhock, that I was obliged to 
quit my hold. I however fecured them both in the linen bag, 
and carried them to the camp, which was about two miles 
diftant. Upon my arrival there, one of them was found to be 
dead, and the other in ‘a very weak ftate, which made me 
anxious to prove, by the evidence of others, that it poffleffed 
the powers of electricity, while it was yet alive. I had it put 
into a tub of water, and defired the Surgeon of the regiment 
‘to lay hold of it between his hands; upon doing which he 
received an evident electrical ftroke. Afterwards the Adjutant 
touched it with his finger upon the back, and felt a very flight 
fhock, but fufficiently ftrong to afcertain the fac. 

After fo very imperfe& an account, } will not trouble you 
with any obfervations of my own upon this fingular fith; but 
beg you will confider this only as a dire€tion to others who 
may hereafter vifit that ifland, and from their fituation, and 
knowledge in natural hiftory, may be better able to defcribe 
the fith, and give an account of its electrical organs. 


I have the honour to be, with great efteem, &c. 


W. PATERSON, 
Lieutenant 98th regunent. 
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XX. Obfervation of the T, ranft of Mercury over the Sun's Dift, 
made at Louvain, in the Netherlands, May 3, 1786. By 
Nathaniel Pigott, E/7. F. R. S. 


Read June 15, 1786. 
| Louvain, May 15, 1786. 


HE tranfit of Mercury. was to happen a few days after my 
arrival at this place from England. Although [ brought 

no aftronomical inftruments with me, I wifhed to obferve 
this phenomenon; and upon application to M. TuysBagrt, 
Préfident du Collége Royal, a very diftinguifhed Member of this 
Univerfity, he fupplied me, in the politeft manner, with the 
following inftruments, and a convenient place for the ob- 
fervation. He carried his attention to the moft trifling circum- 
ftamces, in order to make my fituation, in every refpedt, 
agreeable. The inftruments he provided me with were 2 
Gregorian reflector of 21 inches focal length, with an aperture 
of 4% inches, the magnifying power of which I efteemed about 
70 or 80, with a good quadrant 18 inches radius, and a com- 
pound pendulum clock, fteadily fixed, beating dead feconds. 
Thefe inftruments were made in London, and ufed for the 
obfervation 
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obicivation of Mercury. The rate of the clock, and the appa- 


rent times thence deduced, were obtained by equal altitudes of . 


the fun, taken with the quadrant. Thefe were the only in- 
ftruments I had, and therefore fuch obfervations as are not 
dependent on the mza/fure of time, are to be confidered as made 


by eftimation ; however, the moft important, the internal and | 
external contacts of Mercury, and hence the egrefs of his 


center and the interval of time between the twoconta&s, were 
made in a very fatisfatory manner. About fix o'clock, when I 
‘attended for the obfervation, there being a great number of 
folar {pots, Mercury might eafily have been miftaken for one; 
but his motion foon removed every doubt in that refpe&. Flying 
clouds obfcured the fun at intervals; but during the Jtaft half 
hour, the weather was fine, the fky clear, the limb’ of the 
fun well defined; Mercury round and very black. There 
feems to have been fome miftake, in refpe&t of this pheenome- 
-non, either in the calculation or the printing of the Com 
notfjance des Temps of this year: the emerfion of the center of 
Mercury is there fet down at 19h. 45’ apparent time at Paris; 
whereas, by my obfervation, the egrefs of the center at Lou- 
vain was at 20h. 47’ 28” or 29” apparent time. Taking here 
no other equation into confideration, except the difference of 
meridians between Paris and Louvain, which, by a great 
number of obfervations, I determined in 1775 to be 9’ 37” in 
time *, the emerfion of the center at Paris muft have been at 
20h. 37’ 51” or 52”, which differs nearly 53’ from the com- 
puted time. By the fame reafoning, I fhould fuppofe, that 
the emerfion of the center of Mercury at Greenwich was ob- 
ferved at 20h. 28’ 35” or 36”. Mercury being fo very near 


® See Philofophical Tranfa&ions, vol. LXVIII. p, 654. b 
the 
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the earth, the effefts of parallax muft be confiderable, and the 
weftern fituation of Greenwich of 18’ 53” in time from this 
place, muft occafion a retardation, which, on computation, 
may be hereafter allowed for, and added to the fuppofed time of 
the egrefs above-mentioned, deduced from my obfervation here. 
While I am writmg this Paper, the refpective fitwation of 
Greenwich and Louvam firikes me. ‘The latitude of Green- 
wich 1s 51° 28’ 40”, that of Louvain 50° 53’ 3’*; the dif- 
ference little more than half a degree. Greenwich is 9’ 16” 
weft, and Louvam 9 ‘37° eaft of the Pacis Obfervatory ; the 
parallax above-mentioned is therefore nearly, but in a contrary 
fenfe, equal at the two places, and thus the effeéts of both are 
compenfated relatively to Paris. What other advantage may 
refult from this circumftance, would require confideration. | 
have not leifure, at prefent, to revolve it in my mind, as I am 
defirous to lay this Paper before the Royal Society as foon as I 
can, by the favour of Dr. Masxexyne, our Aftronomer Royal. 


* See Philofophical Tranfactioas, vol. LX VII. p. 643. 
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Obfervations of the Tranfit of Mercury at Louvain. 





4 
Apparent time. 
. M. &. 
18 32 30 flying clouds; Mercury ill defined, with fome twift- 
ing. 
19 13 30 the fpot (a) appears thrice as large as Mercury + 
{pot (4) twice ditto. 
19 16 30 a perpendicular from the fun’s limb on E. W. 
bife&ts Mercury and (4). 
19 27 30 perpendicular, as above, equi-diftant from (2) and (4). 
VoL, LXXVIL Bee Apparent 
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Apparent time. 

H. M. S. | 

19 34 30 perpendicular, as above, bifets Mercury and fpot (a). 

19 42 30 perpendicular from Mercury on E, W. is beyond 
ipot (a). . 

19 4% 30 it is fenfibly beyond {pot (2). 

20 12 30 perpendicular from the fun’s limb on E. W. equi- 
diftant from (4) and (c). 

20 27 30 Mercury very black, round and well defined. 

20 45 41 internal conta; perhaps a few feconds too foon. 

20 47 26 emerfion of center by efimation. 

20 49 16 external contact. 

20 49 41 Mercury certainly clear of the fun. 
a.b. c,d. da. d. ave {pots in the fun; Z. zenith; 

E. Eatt > W. weit of the folar difc. 

The internal conta&t being at 20h. 45’ 41”, and the ex- 
ternal at 20h. 49’ 16”, the emerfion of the center of Mer- 
eury muft have been at 20h. 47’ 28”% ; which differs only 2} 
feconds from the eftimated time; and the duration of total 
egrefs was 3 m. 35 f. 

N. B. The reafons why the nine firft obfervations are all 
marked at 30°’ is, that in reality they were fet down at the 
minute only ; and that I have added 2’ 30” to each to reduce the 
time by the clock to apparent time; more nicety would have 
been: fuperfluous: but the four /a? were rigoroufly computed. 
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XXI. Objervation of rhe late Tranfit of Mercury over the Sun, 
obferved by Edward Pigott, Eq. at Louvain m the Nether- 
lands; communicated by bim in a Letter to Nevil Matkelyne, 
D. D. F. R. S. and Aftronomer Royal, 


Read June 15, 1786. 


STR, Louvain, May 27, 1786. 
We have been fortunate here in feeing Mercury’s egrefs. 


I obferved it thus : 
Apparent time, May 3. 
» Se 


H. M 

20 45 25 Mercury’s limb in conta& with the fun’s limb} 
uncertain. 

20 45 37 ditto. ditto ; certain. 


20 47 17 Mercury bifected by the fun’s limb. 
Mercury quite out; clouds for a fhort interval, 
which renders the obfervation rather doubtful. 


Though the air was not perfectly free from thin clouds, 
neverthelefs the limbs were well defined. At 20h. 45/ 25”, 
when I firft judged Mercury’s limb in contac with the fun’s, 
his form, I think, became rather oval. Thefe obfervations 
were made with RamspEn’s two-feet achromatic, magnifying 
about 70 times. The above times difagreeing fo confiderably 
with the tables will, I imagine, not a little furprife M. pe 
LA LANDE. 


20 49 22{ 


I remain, Sir, with seid regard, &c. 
EDW. PIGOTT. 
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XXIV. Additional Obfervations on making’ a Thermometer for 
meafuring the higher Degrees of Heat. By Mr. Jobab 
Wedgwood, F. R. S. and Potter to Her Majefty. 


Read June 22, 1786. 


Y thermometer for meafuring the higher degrees of heat 

having been honoured with the notice of this illuf- 

trious Society, F now requeft a further indulgence for a few 
more obfervations on the fame fubject. 

In my firft Paper * I communicated every thing that expe- 
rience had then taught me, refpecting both the conftruction and 
ufe of this thermometer; but more extenfiye practice has fince 
convinced me, that other managements and precautions are 
neceflary, in order to bring it to the perfection it 1s capable of 
receiving: for pieces made of the fame elay, and exaétly of 
the fame dimenfions, have been found to differ in the degree of 
their diminution by fire, in confequence of fome circumftances 
m the mode of their formation, at that time unheeded, and 
very difficult to be developed. 

Of the two ways propofed for forming them, the mould 
and the prefs, the former was made choice of, as being, for 
general ufe, the moft commodious. The foft clay was preffed 
mto a fquare mould with the fingers; and the pieces, when 
dry, were pared down on two oppofite fides, by means of 4 
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paring gage made for that purpofe, fo as to pafs exaétly to o° at 
the entrance of the converging canal of the meafuring gape. 

But the pieces thus formed have been found liable, in paffing 
through ftrong fire, to receive a little alteration in their figure, 
which produces an uncertainty with refpeét to their fubfequent 
meafurement : the two fides, inftead of continuing flat, be- 
come concave; the edges, both at top and bottom, projecting 
beyond the middle part, fometimes very confiderably, as at @ 
and 4, fig. 1, (Tab. XIV.) where AB reprefents a perpendicular 
fection of an unburnt piece, and aé a like feétion of the fame 
piece after it has undergone a heat of 160 degrees. This irre- 
gularity in the form, which is fenfible only after pafling 
through the high degrees of fire, was obferved in fome of 
the early experiments, but was not then looked upon as being 
productive of any error. 

On more attentively examining this matter, it appeared, that 
when the clay is preffed into a mould, the furface in contaé& 
with the mould acquires a more compact texture than the inner ~ 
part of the mafs ;—that this compactnefs reftrains, in fome de- 
gree, its diminution in the fire;—and therefore, that when 
this furface, or lefs diminifhable cruft, is pared off from the 
two fides only, the piece may be confidered as having its upper 
and lower ftrata (AA and BB, fig. 1.) compofed of a-lefs di- 
minifhable matter than the intermediate part, the neceffary 
confequence of which ftructure will be fuch a figure as we find 
the pieces to aflume; for if any ftratum in the mafs fhrinks. 
lefs than the reft, the extremities of that ftratum muft be left 
proportionably prominent. That this was the true caufe of _ 
the inequality, I was convinced by firing fome pieces unad- 
jufted, with all their furfaces entire, as they came from the 
mould; for thefe pieces, after a the fame ftrong 
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fires with the preceding, continued flat, with the angles regu- 
larly fharp, and without the leait fenfible prominence in any 
part.” | 

Some of the moulds, employed for this ule, were made of 
plafter, a material more convenient for the workman than me- 
tal, as the pieces part more freely from it, but which contri- 
buted greatly to increafe the above-mentioned irregularity : for 
the plafter, by abforbing a portion of the water from the clay 
contiguous to it, renders the furface at the fame time, even at 
the inftant of contact, much more confiflent, and confequently 
more difficult to prefs into the angles of the mould; fo that the 
outfides of thefe pieces were not only more compreffed, but 
formed of clay of a different semper from the inner parts, being 
“much drier or firmer; a circumftance which, as will appear 
hereafter, reftrains ftill more their diminution in the fire. 

The moulds were therefore laid afide, and the prefs adopted 
in their ftead; for as the foft clay, preffed in a cylindrical 
veflel, gives way and efcapes through an aperture made for that 
purpofe (by which means it is formed into long rods), the 
fides of the piece cannot be fuppofed to receive fo great a de- 
gree of compreffure againft the fides of the aperture through 
which it is del:vered in this operation, as it does againft the 
fides of the mould, by which it is confined till everv part has 
: born a preffure fufficient to force the clay into every angle, 
which 1s much greater than even a workman would imagine 
till he comes to try the experiment himfelf. 

But with this change fome new difficulties arofe ; for pieces 
prefled through the fame aperture, and from the fame preti-ful 
of clay, and adjufted, when dry, to the fame point in the 
gage, were found, after pafling together through the fame 
firong 
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ftrong fires, to differ in their dimenfions from one another, in 
fome inftances more than any of the preceding. 

Having hitherto paid no particular attention myfelf to , the 
mere manual labour of prefling the clay, I determined, upon 
this event, to gothrough that and every other operation, how- 
ever fimple and feemingly infignificant, with my own hands. 
In doing this I obferved, that the power neceflary for forcing 
the clay through an aperture which bore but a {mall propor- 
tion to the diameter of the mafs of clay in the prefs, was fo 
great as to {queeze out, along with the clay that firft paffed 
through, a confiderable portion of the water that belonged to 
the reft. From this ovet-proportion of water in the compufi- 
tion of the firft pieces they were foft and fpongy, and the fuc- 
ceeding ones more and more compaét, till at length the clay 
proved fo ftiff as fcarcely to be forced through at all... 

Clay, containing different proportions of water, ‘is well 
known to diminifh differently in drying; but it was not ima- 
gined that, when dry, there would be any difference in its 
fubfequent diminutions by fire. Experiments however, multi- 
plied in a variety of circumftances, fhewed decifively, what 
the pieces formed in the mould had given’ grounds to fufpeét, 
that thofe formed of the fofteft clay, and which had under- 
gone the leaft preflure, diminifhed moft in burning; and that 
the diminution is uniformly lefs and lefs, in proportion to the 
greater degree of preffure or compactnefs. 

The knowledge of the caufe of the irregularity fuggefted a 
remedy. J leffened the width of the prefs very much, fo as to 
bring the diameter of the mafs of clay, and that of the aper- 
ture through which it is delivered, to a nearer proportion with 
one another. A much lefs degree of force being now fuffi- 
cient, the pieces, or rods, were proportionably more uniform, 
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though there was ftill a fenfible difference, in confiftence, be- 
tween thofe which were firft and laft prefled out from the fame 
mafs of clay. The intermediate ones, within a certain dif- 
tance from the two extremes, ccrrefponded very nearly with 
one another; fo that by reje€tmg a fufficient number of the 
firft and laft, and ufing the intermediate ones only, the inequality 
may be confidered as almoft annihilated. 

I neverthelefs {till found that, in ftromg fire, the edges be- 
came a little prominent, though not fo much as before. I 
was aware that thefe pieces muft partake, in fome degree, of 
the imperfection of thofe made in the mould; having their 
furfates rendered, by their fri€tion againft the fides of the 
aperture, more compact than the inner part. But! fufpected that 
fomething might depend alfo upon the form, and accordingly 
made many trials for afcertaining‘the form that might be leatt 
liable to this irregularity : the angles only were bevilled off, the 
fides were rounded, the pieces were rounded all ever, made of 
‘ovals and other curves, and both the longeft and {fhorteft di- 
menfions were ufed as the extent to be meafured: the general 
refult was, that the nearer they came to a circular figure, the 
lefs inequality they contracted in the fire, and by making them 
entirely circular, the imperfection appeared to be obviated alto- 
gether; cylindric pieces bearing the ftrongeft fires without the 
leaft appearance of prominence or inequality in any part of 
their furface. {have therefore chofen this laft form, leaving 
only one narrow flat fide (24, fig. 2.) as a bottom for the pieces 
to reft upon, and to d&ftinguith the pofition in which they are 
to be meafured in the gage. 

I have endeavoured at the fame time to ebviate whatever 
inaccuracy the inequality of compaétnefs may be capable of 
producing, by fo adjufting the aperture through which’ the 
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rods are prefled, and on which their figure and dimenfions de- 
pend, as to fuperfede the ufe of the paring gage altogether ; 
that the whole furface may remain of the fame uniform com- 
pactnefs which it received in the prefs. And as it is fcarcely 
practicable, in any mode of forming foft clay, to have all the 
pieces precifely of the fame dimenfions after drying, I do not 
seje&t thofe which come within two or three degrees of the 
ftandard, but, inftead of injuring the furface by paring or rub- 
bing, I mark on the ends the degrees which they refpetively 
exceed or fall fhort; which degrees are accordingly to be fub- 
ftracted, or added, in all obfervations of heat made with thofe 
pieces. Strictly {fpeaking, an allowance ought to be made alfo 
for the proportional diminution upon this excefs or deficiency 
itfelf; but the allowance for three degrees would not, at the 
melting heats of copper, filver, or gold, amount to more than - 
a feventh part of a degree; and at the extreme point of heat 
that I have been able to attain, when the piece has diminifhed 
6°, or nearly one-fourth of its whole thicknefs, it comes 
only to four-fifths of a degree. 

It may be proper to take notice of an irregularity in the 
apparent diminutions of the pieces, which was fometimes ob- 
ferved to happen from another caufe, their bending a little in 
ftrong fire, fo as to be prevented from going fo far in the gage 
as they would have done if they had continued perfectly 
ftraight. But as this takes place only in pieces of tonfiderable 
length, and as they derive no advantage of any kind from that 
length, the remedy is too obvious to need being here men- 
tioned. 

Another fallacious appearance arofe, not from any imper- 
fe€tion in the pieces themfelves, but -from a deception with 
ref{pect to the heat in which the comparifon of them had been 
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made. In one period of the courfe of my experiments, I 
employed, for firing them, a {mall, thallow, cylindrical veffel 
(fig. 3.) fetting the pieces on end, clofe together, on its bot- 
tom, and placing it in the middle of the fuel, in a common 
air-furnace, with care to keep the fire as equal all round it as 
poffible. It was expected, that all the pieces would receive an 
equal heat; and as they were found, after the operation, to 
differ in their dimenfions, fometimes confiderably, from one 
another, thefe differences proved a fource of much perplexity, 
till it was difcovered that the pieces had really undergone 
unequal degrees of heat. 

In the paper on the comparifon of this shussiicantis with 
FAHRENHEIT’s*, I have taken notice of the great difficulty of 
obtaining, in fmall furnaces, a perfectly equal heat, even 
through the extent occupied by a’ few of thefe little pieces: 
and how different the heat may be in different parts of one 
veffel, we may be fatisfied by an eafy experiment, vz. fetting 
a cylindrical rod of clay, of the length of eight or ten inches, 
upright in the middle of a cructble, and urging it with ftrong 
fire in a common {mall furnace; the rod will be found very 
differently diminifhed at different parts of its height; and if 
its height be fufficient to reach fome way above the fuel, 
nearly the whole range of the,thermometric {cale may be pro- 
duced in one rod; an ocular proof, not only of the diverfity 
of heat within a {mall compafs, but likewife of the peculiar 
fenfibility of this thermometer, every part of the mafs ex- 
preffing diftin@tly the degree of heat which. it has itfelf felt. 
It will be proper, in this experiment, to have a tube fixed in 
the bottom of the crucible, for keeping-the rod fleady, as at: 
‘fig. 4. By this means the heat of my air-furnace renders a 
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rod of the thermometric clay tapering, from about four parts 
in diameter at top to three at bottom, which are nearly the 
proportions between the width of the piece when unburnt, or 
but juft ignited, and when it has fuffered a heat of 160 degrees. 

To the foregoing fources of inequality in the pieces, one 
more may be added, {mall cavities, or air- bubbles accidentally 
inclofed, which fometimes happened in the earlier experi- 
‘ments. In order to prevent thefe, particular attention is now 
paid by the workmen to what we call banding or flapping the 
clay, an operation by which its different parts are intermixed, 
_ and the mafs rendered of an uniform temper throughout. The 

workman takes a lump of the clay in his hands, perhaps of two 
pounds weight, and, breaking it in two in the middle, lays one 
part upon the other, and prefles them flat again, repeating this 
forty or fifty times, or perhaps oftener. Now, confidering the 
pieces at firft as two diffimilar maffes, with any number of air- 
bubbles inclofed; each of thefe pieces being by the firft 
doubling divided into two, by the next into four, by the third 
into eight, and fo on in geometrical progreffion, each of. the 
original maffes will be divided by the fiftieth repetition into 
‘upwards of eleven thoufand millions of millions of invifible 
laminz :—invifible, becaufe the lump of clay would, long 
before the laft doubling, be of one uniform colour, though at 
firft one-half of it had been black, and the other white. If 
therefore no.air be inclofed between the pieces at the times of 
their being put together in this procefs, all the air which might 
have been in the mafs before would certainly be driven out; 
and, to avoid as much as poffible the introduction of any frefh 
portions of air, the two feparated pieces are each time made 
{mooth, and a little convex, on the aes that are to be 
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By oi attention to the circumftances above ftated, any fingle 
quantity of clay may be made up into thermometer-pieces, that 
fhall differ very little, if any thing at all, from one another. 

But a new difficulty now arof¢, more embarrafling than any 
of the former; that of procuring frefh fupplies of clay, of 
the fame thermometric quality with the firft. The quantity 
of the clay which, after trial of many others, I had made choice 
of, was {mall; but the particular {pot it was taken from being 
known, and having purchafed the little eftate in which it was 
raifed, I had not a doubt of obtaining more of the fame when 
it fhould be wanted: for clays m general, when raifed from an 
‘equal depth, in the fame ftratum, and near the fame place, 
are found to poffefs the fame properties, with refpect to ducti- 
lity in the hands of the workman, a difpofition to affume. by 
fire a porcelain or vitreous texture, fingly or in compofition, 
and all other qualities relative to their ufe in pottery. In this, 
however, Ewas deceived; for when a freth {upply was wanted, 
to complete my experiments, though. } had fome taken from a 
pit joining to the firft, and at the fame depth, it was found to. 
diminifh differently from the former parcel. I then had fome 
raifed from different parts of the fame field and bed, and at 
different depths ; and in various other places in Cornwall, from 
the {pot where this {pecies of clayis firft met with to the Land’s~ 
End; but al) thefe clays differed fo much from the farft in the 
quantity of their diminution by fire, and moft of them likes | 
wife from each other, that F defpaired of being ever able to 
find one that would correfpond with it, os any natural clays 
shat could be obtained twice of exactly the fame thermometric 
properties, how fimilar foever in other refpetts. 

Upon a review of the numerous comparifons which I have 
made of thefe new clays, in different degrees of heat, from ths 
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commencement of rednefs up to intenfe fire, the moft ftriking 
differences of the greateft part of them from the old feemed to: 
originate in the lower ftages of heat; and of thofe which were 
got from the neighbourhood of the old, the variations from it 
in the higher {tages feemed, for the moft part, to. be only con-- 
fequences of thofe differences in the lower ones. 

I have mentioned,. in the firft Paper, that the original ther- 
mometer- pieces had their bulk enlarged a little on the approach. 
of ignition; but that by the time they became vifibly red-hot 
throughout, they are reduced to-their former dimenfions again ; 
and at this moment the thermometric diminution begins. The 
new clays had their bulk enlarged in a much greater propor= 
tion, and the enlargement was of much longer continuance :. 
fome of them required a heat of 15 degrees to deftroy the in- 
creafe which ignition had produced in their bulk, and bring 
them back to their original dimenfions : after this period, mofb 
of them. diminifhed pretty regularly, and uniformly with the 
old, being nearly fo. many degrees behind it, in all the fuce 
ceeding ftages of heat, as they required to bring them back 
from the enlarged ftate. 

I have mentioned. alfo, in. my former paper, that a quantity 
of air is extricated from the clay, moft rapidly. at the period in. 
which the augmentation of bulk takes place; and that the 
augmentation. was probably. owing to this air forcing the par-. 
ticles of the clay a little afunder, previous to the inftant of 
its efcape. It was therefore prefumed, that the greater exten- 
fion of thefe new clays might be owing, either to a greater 
quantity, or ftronger adhefion, of this combined air: and as. 
clay, kept moift for a length of time, in certain circum- 
fiances,, undergoes a procefs feemingly analogous to fermenta- 

tion,, 


Ft... Mr. Wepewoon’s additional Obfervations on 
tion, it was hoped that, by fuch a procefs, part of its com- 
bined air might be detached. 

But experiments made on this idea have proved, that thefe 
clays, kept moift for a twelvemonth,—kept for a confiderable 
length of time in a heat juft below vifible rednefs, — boiled in 
water for many hours,—alternately, and repeatedly, moiftened 
and dried,—fuffer no alteration in their thermometric proper- 
ties, and continue to differ from the ftandard. clay juft as 
much as they did at firft. 

Some of thefe new clays differed from the old in a property 
- {till more effential, and by which I was much more difconcerted ; 
for though they continued diminifhing with tolerable regu- 
larity, keeping only fome degrees behind it, up to a certain 
period of heat, about that in which caft iron melts; yet many 
- of the pieces, urged with a heat known to be greater than 
that, were found not to be diminifhed fo mguch as thofe which 
had fuffered only that lower heat. Further experiments 
fhewed, that, after diminifhing to a certain point, they begin, 
upon an increafe of the heat beyond that point, to fwell again: 
and as this effect is conftant in certain clays, and begins earlieft 
in thofe which are moft vitrefcible, and as clays are found to 
{well upon the approach of vitrification, I look upon this fe- 
cend enlargement of bulk, however inconfiderable, as a fure 
indication of the clay or compofition having gone beyond the 
true porcelain ftate, and of a difpofition taking place towards 
vitrification ; which ftage is always, fo far as my experience 
reaches, attended with a new extrication of air; and in fome 
inftances, this air being unable to make its efcape from the 
tenacious mafs that envelopes it, the burnt clay is thereby {0 
much increafed. in bulk as to {wim on water like very light 
wood, The degree of heat therefore, at which this enlarge- 
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ment begins, may be confidered as a criterion of the degree of 
vitrefcibility of the compofition; which points out a new -ufe 
of this thermometer, enabling us to afcertatn the degree of vi- 
trefcibility of bodies that cannot actually be -vitrified by any 
fires which our furnaces are capable of producing. 

All my refearches among the natural clays proving fruitlefs, 
and the experiments having fhewn that all thofe, which could 
fufficiently refift vitrification, diminifhed foo Atle in the fire, 
I endeavoured to find a body poffefied of the oppofite property, 
that is, diminifhing toe much, and, by a mixture of thefe two, 
to produce the medium diminution required. As I could not 
find any natural -fubftance poffeffed of that property, which. 
would not at the fame time render the compound too vitrefcible, 
I was obliged to have recourfe to fome artificial preparation 5 
and as the earth of alum is the pure argillaceous earth, to 
which all clays owe their praperty of diminution in the fire, 
poffeffing that property in a greater or lefs degree according to 
the quantity of alum earth in their compofition, I mixed fome 
of this earth with the clay, and found it to anfwer my withes 
completely, both in procuring the neceflary degree of dimi- 
nution, aud increafing its unvitrefcibility. So little is this. 
compound difpofed to vitrification, that the greateft heat I 
could:give it, that of 160°, did not even: bring it to a porcelain 
texture, but left it fill bibulows; and as it does not arrive at 
the porcelain ftate in this fire, there can be uo danger of its ap- 
proaching too nea: to the wirefceat in any heat that we can. 
produce in: a: furnace. | 

In order to obtain the exaé& medium required, I took one of 
the beft of the clays I had procured from Cornwall, and mixed it 
with different proportions of the alum earth, till the compofi- 
tion was found, ob repeated trials, to agree with the original 
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in:all degrees of heat. This coincidence was not indeed effen- 
‘tial; but as many degrees of heat were already before the 
public, meafured by thermometer-pieces made of the firft clay, 
and as the correfpondence of the firft with FAHRENHEIT'S 
{cale had likewife been in. fome meafure afcertained, it was 
defirable that the fame degrees of heat fhould continue to be 
exprefled by the fame numbers. | 

The alum earth is prepared for this purpofe by diffolving 
the alum in water, precipitating with a folution of fixed alkali, 
and wafhing the earth repeatedly with large quantities of boil- 
ing water: when the earth has fettled, the water above it is 
let off by cocks in the fides of the hogfheads; and when the 
veffels are filled up with frefh water, care is taken to ftir up 
the earth from the bottom, and mix it thoroughly with the 
liquor. I find st moft convenient to ufe the earth undried, in 
its gelatinous ftate, as in this ftate it unites eafily and perfedly 
with the clay; whereas, when the alum earth has concreted 
into dry maffes, great labour is neceflary to mix them uni- 
‘formly together. ; 

I have tried feveral different parcels of Englith alum, from 
the fame and from different manufactories, and found no ma~ 
terial difference in the quantity of earth it contains*. Nor 
indeed would it be of any confegence if there was a difference 
in this ref{peé&t, as the proportion of alum earth neceflary for 


* A difference in the quantity of earth may arife from different proportions of 
GiauseEr’s falt and vitriolated tartar, of which I have found quantities very 
confiderable, but nearly alike, in all the Englifh alum I have examined. Thefe 
falts are doubtlefs formed by the kelp afhes employed in the preparation of the 
alum. They are difcovered by calcining the dried alum with charcoal powder, 
which decompofes the alum only, leaving the other two falts intermixed with 
the alum earth, from whence they may be extracted by water. 
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different clays, and even for different parcels of the fame clay, 
can only be afcertained by repeated trials, adding fucceffive 
quantities of the earth till the defired effect is found to be pro- 
duced. Ten hundred weight of the Cornwall porcelain clay 
which I have now in ufe required all the earth that was 
afforded by five hundred weight of alum. 

It is material in this place to obferve, that the earth of alunt 
ds extremely tenacious of water, infomuch that, though appa- 
rently dry, the water and air amount to near as much as the 
pure earth, and are not to be completely driven out without 2 
full red heat. When divided by the admixture of other earthy 
bodies, it parts with its water eafier indeed than before; but a 
mixture containing fo much of it as the thermometric compo- 
fition does, is far more retentive of water than common clay, 
and requires to be kept for fome time in a heat equal to that of 
_ boiling water, before it is to be confidered as dry, that is, . be- 
- fore the adjuftment of the pieces in the gage. If they are 
adjufted when only apparently dry, or of fuch a degree of 
drynefs as they can be brought to by a heat that the hand can 
bear, the heat of boiling water will diminith them two or three 
degrees; and the greateft part of what they have thus been 
deprived of, they gradually recover again on being expofed to 
the atmofphere, fo that the adjuftment muft be made imme- 
diately after the boiling heat. 

By the fame expedient to which I have thus been obliged to 
have recourfe for procuring to the porcelain clay of Cornwall 
the ftandard degree of diminution, and refiftence to fire, the 
fame qualities may probably be communicated to any other clay 
that is tolerably pure from calcareous earth and iron; fo that 
the thermometer clay is no longer to be confidered as the pro- 
duce of any particular {pot (which was the principal .incon- 
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venience originally imagined to attend it), but may be pro- 
‘cured and prepared in all parts of the world where good 
common clay, and alum, are to be found; and corre/ponding 
thermometers may, confequently, be conftructed, without 
any ftandard to copy from. For, if a converging canal be 
formed, of any convenient length, with the widths at the 
two ends in the proportion of 5 to 3, with the fides perfectly 
{traight, and divided into 249 equal parts, numbering the 
divifions from the wider end * ;—and if a clay be obtained of 
fuch quality, that when formed, in the manner already men- 
tioned, into pieces of fuch fize as to enter to oin the gage or 
canal, thefe pieces fhall juft begin to diminifh, or go a little 
further in the canal, by a heat vifibly red ;—go to 27, by the 
heat in which copper melts ;— about go by the welding heat — 
of iron; about 160, by the greateft heat that can be produced 
with coaked pit-coal in a well conftructed common air-furnace, 
about eight inches fquare, ftill continuing bibulous, fo as ta 
ftick to the tongue: fuch gages, and pieces of fuch clay, fo. 
adjufted, will always compofe correfpondent thermometers. 


Having mentioned occafionally feveral alternate periods of 
- dilatation and contraction .in clay, it may be proper to ftate, 
and bring into one view, the whole fucceffion ‘of changes: 
which I have obferved in this curious material; as otherwife 
they might create fome confufion ‘in the minds of thofe wha 
have not had occafion to think attentively on this fubject, and 
lead them to afk how a body fo variable, and Irtable to fuch 
oppofite changes from different degrees of heat, can yet be a 
juft meafure of thofe degrees. 

* Or the divifions on the fide may be continued to zoo; and im that cafe, 


inftead of the widths of the two ends being in proportion of the odd numbers 
§ and 3, the one will be juft double to the other. 
The 
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The changes which take place in all the natural clays that 
have come under my examination are fix. 

1. The firft is, the /brinking of the moift clay in drying, 
from the mere lofs of its water. The purer the clay is, the 
more water it requires to foften it, and the more it diminithes 
in bulk by the lofs of that water. | 

2. The dry clay, gradually heated, preferves its bulk un- 
varied up to the approach of ignition. At this period it is 
enlarged a little; probably, as already obferved, from its com- 
bined air endeavouring to efcape. 

3. When this air has made its efcape, the clay begins to dimi- 
nifh, or to lofe rhe bulk it bad before acquired; and returns 
back, fooner or later, to the fame dimenfions which it was of 
when dry. It is at this point that the thermometric diminu- 
tion commences. 

4. From this point the clay continues to dimini/b -more and. 
more in proportion as the heat is increafed. This I call the 
thermometric fage of diminution : it is of greater‘or lef{s extent, 
terminating at different periods of heat, according to the -na- 
ture of the clay: in the ftandard thermometer clay, it com- 
‘mences with vifible ignition, and continues to (doubtlefs far 
beyond) the extreme heats of our furnaces, an interval con- 
fifting of 160 degrees of the fcale: in others, it begins 4, 6, 
and in fome even 15 of thofe degrees later, and terminates. alfo 
much fooner: and in fome its whole extent is not above 20 
of the fame degrees, Throughout the greateft part of this 
ftage, the clays are found to retain their property of fticking 
to the tongue and imbibing water: between this didulous ftate 
and the vitrefcent there is an intermediate one, diftinguifhed by 
the name of porcelain; andto the higher term of this porcelain 
ftate the ftage of thermometric diminution feems to continue. 

Ggeg2 5. When 
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3. When the clay Has paffed the porcelain ftate, it begins to 
be enlarged again, a fymptom of the vitrefcent ftage being 
commenced ; and in this period it {wells more or lefs, accord- 
ing to the nature of its compofition. 

6. By further heat the fwelled mafs, becoming fluid, fubfides, 
is converted into glafs or flag, and contraéted into lefs volume 
than the clay occupied in any of its preceding ftates. 

It is plain, therefore, that clay can be a meafure of heat na 
further than from ignition, or that point beyond ignition where 
the third ftage terminates, to the beginning of the vitrefcent 
ftage; and that, asthe three firft changes are completely paffed 
before the clay is applied to thermometric purpofes, being 
ftricly no other than preparatory proceffes, the thermometer- 

‘pieces, whatever clay they may be made of (provided it is fuffi- 
ciently unvitrefcible), are to be confidered as poffeffing only 
the fourth ftage. Buta fingular property of the compofition of 
clay and alum earth remains to be mentioned, wz. that it has 
really no other than this one flage; it fuffers no enlargement 
of its bulk at ignition, or in any other period; but proceeds in 
one ‘uninterrupted courfe of diminution, from the foft ftate in 
which the pieces are formed, up to the extreme fires of our 
furnaces.. ‘Fhough the diminution, however, is uninterrupted, 
it is at the fame time fo inconfiderable at the beginning, from 
the heat of boiling water (at which the pieces are adjufted) up, 
to ignition, that the fame point of vifible rednefs ts taken for 
the commencement of the {cale, in this as in the original clay, 
without any fenfible error or variation in their progrefs, 

"Jam inclined to bebeve, though experiments have not yet 
enabled mé to {peak with certainty on this point, that the fame 
caufe which enlarges the natural clays on their firft expofure to 
the fire, operates alfo in this compofition, but in a much lower 

degree 5, 











the Thermometer for high Degrees of Heat. 407 
degree; that while the natural clays have their whole mafs 
diftended by the efforts of the air in forcing its paflage, the 
compofition is only reftrained in its diminution, or prevented 
from diminifhing fo faft as it otherwife would do, and as it ig 
found to do in the fubfequent part of its courfe,. after the air 
has efcaped from it. | 

As the compofition of clay and alum earth is far more ‘tena 
cious of water than the clay itfelf, and was found, after being 
dried by the heat of boiling water, to yield, by diftillation in a 
retort, above three times as much aqueous fluid as the original 
thermometric clay did; it feems probable, that a part of this. 
water, retained tothe approach of ignition, and in a ftate of 
chemical combination, may facilitate the paflage of the air, 
ferving as a vehicle to convey it off through interftices not 
permeable to air alone, and confequently enabling it to efcape 
withoyt doing that violence to the madfs, which the natural 
clays fuftain from the expulfion of their air after the water has 
been detached from it; for the experiments of Dr, Prrrsttey 
have fhewn, that veflels even of burnt clay are permeable to. 
air when they have imbibed water into. their fubftance, though 
not at all fo in a dry ftate. ’ 

I have now communicated the refult of a feries of expert 
‘ments which have taken confiderable time, attention, and 
labour to complete. Whether the importance of the object 
will juftify me in troubling this illuftrious Society with fo 
minute a detail of the moft material operations, and their 
refults, is not for me to determine. If the thermometer 
fhould not yet be brought to the perfection that may be withed,, 
I flatter myfelf that fome abler hand may now take up the fub- 


ject to more advantage; and that philofophers and artifts will 
not 
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not be lefs fuccefsful in fupplying what may ftill be deficient, 
and in afcertaining, by the contraction of argillaceous matter, 
the meafurements and effects of the various degrees through 
the immenfe extent of luminous fire, than they have been 
with refpect to the limited and narrow compafs of low heat, 
which is meafurable by the expanfion of fluids. 
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XXII. The Latitude and Longitude of York determined from a 
Variety of Afronomical Obfervations; together with a Recom- 
mendation of the Method of determining the Longitude of 
Places by Odfervations of the Moon's Tranft over the Meri- | 
dian. Contained in a Letter from Edward Pigott, Ej. 
to Nevil Mafkelyne, D. D. F. R.S. and Aftronomer 
Royal. 


Read June 29, 1786. 


SIR, | Bootham, York, March 16, 1786. 


HE great number and variety of obfervations I have 
made for determinmg the longitude and latitude of 
York will, I believe, fettle thofe points very accurately: I 
therefore with to have them prefented to the Royal Society, 
and beg the favour of you to be at that trouble. The inftru- 
ments I ufed were a good gridiron pendulum clock, a z§ feet 
refleftor, an eighteen-inch quadrant by Brrp, and a tranfit 
inftrument made by Sisson. 
The difference of meridians between Greenwich and York 
was found by the following methods. 


~ 


Occultations 
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Occultations of ftars by the moon. 


| App. time. 
1783 | he, 
fees immerfion of a igs of the ninth magnitude 
BEpts 4On | TS 34 44i during the eclipfe of the moon ; good. 
| Paris, at L”’Obfervatoire de la Marine ; ditto. 
Ir 49 39414 Ditto, by M. Messier, who determined its R.A. 
‘ 349° 22’ 17” and fouth declination 5°27’ 54. 
O&. 7 | 14 26 282\York, immerfion of @ Aquarii, infaatancous. 
14. 37 15} yreenwich, ditto, 
8 ete immerfion of 2 Pifeium, inftantaneous <I find [ 
Dec. 30 a: wrote down the minute wrong, it is here corrected. 
8 2 563/Greenwich, immerfion of ditto. 


Mr. Goopricxe was fo obliging as to be at the trouble of 
computing thefe occultatians, and fent me the refults as 
follows: * 


By the ftar of the ninth magnitude - ~ 4 29 
By 9 Aquarii = - -— ~ - 423) Differente of” 
By 2Pifcium compared to the Greenwich obfervation 4’ 30’ ‘ ag | meridians be- 
Ditta, to Mc, Woxasron’s obfervation, - 428 4 29 Fiween Greene 
—— }j wich and 


On a mean. - ~ “ 427° York. 


Obferved meridian R.A.’s of the moon’s limb.: 


_ In 4783 this method of finding the difference of meridians 
occurred tq me, and I wrote to Mr. BayLey, your hate 
Affiftant, for information, being entirely ignorant it had ever 
been noticed; but have fince feen, Sir, that you mention it in 
your valuable Inftructions for the Obfervations of the Tranfit 
of Venus, annexed to the Nautical Almanac of 1769. I have 
alfo juft perufed on the fame fubjeét Abbé Toaxpo’s ingenious 
pamphlet written in 1784, which you were fo kind as to fend 

q me. 
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me. Still I find that the great exactnefs of this: method is not 
fufpeGted ; I therefore fhall, in the latter part of this Paper, | 
enter into fome neceflary detail, being convinced that, in a 
very fhort time, it muft be univerfally adopted, having every 
advantage over Jupiter's firft fatellite, and but little inferior in 
precifion to occultations. 


Difference of our meridians by each obfervation. 


1781, Dec. 20. 4 36 1784, July 2. 4 23 
Dec. 29. 4 10 Nov.20. 4. 23 

1782, Juner7. 4 25 Dec. 20. 4 27 
Nov. 30. 4 20 Dec. 222 4 20 

Dec. 18. 4 25 1785, Mar. 19. 4 25 

1783, Nov. 3. 4 32 Aug. 16. 4 22 
Dec. 6. 4 39: Aug.18. 4 36 

Dec. 30. 4 16 Septei2 4 35 

1784, May 1. 4 _8: Sept. 172 4 25 
May 25. 4 11 Nov.12, 4 34 
Nov.14. 4 18 


4’ 243 on a mean. 


Obfervations of Jupiter’s firft Satellite. 


Dates, &c. | App. time. 


— (cr SLATED GES OOo ETI 








h. é é | 
1782, June 3.| 12 36 48 | York, it immerged near Jupiter. 
12 5 9} Paris, M, Mecnacn. 
Immerfiens. | 12 §1 7 | Parts, M. Cassini. 
13 57 40 | Buda, Father Watss. 
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Obfeavations of Jupiter's frft Satellite continued. 








Yost. 

Greenwich, Dr. MasxEL Yue. 

Paris, M. Mecuain; high wind. 

Paris, M. Casaini. 

| Buda, Father Weiss; moon very near Jupiter. 


4782, July 2t 
Emerfions. 













York; it immerged neaz Jupiter. 
Greenwich. 
si M. Mecrtarn, 


12 9 50 | 
12 14 20 
12 24 8 


Ci ae 


1783, July 3] 


Immerfiqns. 








' Sep 17} 9 48 15 York. 
9 47 44 | York, Mr. Gooparcke ; very good, 
Emrerfions. | 9 46 39 | Oxford, Mr. Hornazy. 
: 10 1 O| Paris, M. Mecwain ; very goods 
1784, Aug. 4] 10 10 §§ | York; tolerably. good. 
| 19 10 §7 | York, Mr. Goonrrcne; middlipg.. 
Tmumner oes: /10 24 ri Paris, M. Mecuain; air a litile fags 
Sept. 3] 14 30 52 | York; emerged near Jupiter, 
Rmerfions, | 14 53 §1 | Paris; thinks rather too late, 
Sent. 5} 9 8& 54} York; good. 
‘| 9 33 15 | Greenwich, Dr. MasxeLyns. 
Kimerfions. nae gen M. Mecnain; 6 feet refleCtor, magnin 
a fying 450 tines. 
9 22 45 | Paris; with a: 34 tripl. obje& glafs achromatic. 
Sept.12} 11 6 9g } York; good. 
11 @ 24 F York, Mr. Goopmicxz; very good. 
Emerfions. | 11 10 42 | Greenwich, Dr. MasxeLyYne, 
‘Ir 19 47 [ Paris, M. Mgcuarn ;. as on the Sth. 


. Paris, M. Mgcuain; as on the sth. 


1785, July 15 


Immerfions. 


Yerk; good, - 
‘By tables corrected by the obfervations of Greem 
wich and Marfeilles of July 31, 1785. 


July gr] 11 53 18 ‘York; good, 
11 57 32 Greenwich ; air very clear, 
Immerhions. | 1, 78 53 | Marfeilles, "Me BERNARD« 


Obfer~ 
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Obfervations of Jupiter's firft Satellite continued. 


Dates, &c. | App. time. 








1785, Aug. 30 
immerfions. | 


York; excellent ; air remarkably clear. 
Greenwich; ditto. 

Marfeilles, M. BERNARD. 

Sept. 15 York ; good. 

York, Mr. Gooprickgs good; moon-light. 
Greenwich ; air clear. 


Immerfions, 
Marfeilles, M. BEnnarv. 


Nov, 1 8 


Emerfions. 


York. 
Greenwich $ air very clear. 
Paris, M. Mecnain ;: a thin cloud. 





Dec, 2 York; Jupiter rather low. 

Emerfions. | 11 49 13 } Greenwich; ditto; air clear. 

By letters from M. MEcHAIN, mae is rh. 6’ 33” eaft of 
Paris, and Marfeilles alfo eaft oh. 12’ 7’. 

I obferved with a 2} feet reflector, which I believe to be 
about 10” of time inferior to the telefcopes of Greenwich, 
Oxford, Paris, and Buda. As for Marfeilles no inftrument i¢ 
mentioned ; therefore, except for that place, 10’ muft be added 
‘to my immerfions, and the fame fubtratted from the emerfions 5 
then the difference of meridians between Greenwich and 
York will be as follows, when each of the obfervations i¢. 
compared to mine, and a mean thereof taken. 


a 


a 


Hhha Immerfions, 
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Immerfions. 


1782, June % 4 54 


1783, July 3. 4 36 


1784, Aug. 4 4 36 


1785, July 15. 4 19 
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Emerfions. 
1782, July 21. 4. 29 
1782, Sept.17. 4 8 
1784, Sept. 3. 4 53 

Sept. 5. 4 33 


July 31. 4 8 Sept.12. 4 37 
Aug. 30. 4 3. 1785, Nov.18. 4 46 
Sept. 15. 4 16 «Dec. 12a. 4 99 

4 248 on a mean | 4 38 


GQneEeEe 





Therefore, by a mean of the immerfions and emerfions, York 
is 4’ 31’ weft of Greenwich. Mr. Goopricke’s emerfion of 
Sept. 17, 1783, is ufed inftead of mine, it being undoubtedly 
more exact. 

To enter into any detail concerning the eclipfes of Jupiter's 
fatellites would be ufelefs, as it is a matter fo. amply confidered 
by every aftronomer. I fhall only fay that the exatnefs ex- 
pected even from thofe of the firft fatellite 1s, in my opinion, 
too highly rated. Among the various objections, there is one 
I have: often experienced, and which proceeds folely from the 
difpofition of the eye, that of feeing more diftin@ly at one 
time than at another. It may not be improper alfp to men- 
tion, that the obfervation I fhould have relied on asthe beft, 
that of Auguft 30, 1785, marked‘excellent, and‘ air remarkably 
~ clear both at Greenwich and York, is one of thofe which differ 
the mioft from the truth. This I remark without having the 
moft diftant inclination of drawing any conclufion ;. a fingle 
inftance can be of no weight, 


Part 
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Part of the eclipfe of the Moon, Sept. 10, 1783. 


‘The two laft columns fhew the difference of meridians between, 
Greenwich and York. ‘The obfervations marked with an 
afterifk were made by Mr. GoopRICKE. — 


Spots obferved. - | - joy M. Me-IM. Mes. 














Galileus bifecéted - 38 eee 
Ariftarchus covered — A eee, oes 
Copernicus touches 5? 4 48 
ai 35 | 4 31 
Copernicus bifeéted | Pe a 
Copernicus covered — | 25 4 14 
Plato touches = 7 4.15: 
Plato covered’ — IT 3 §2 
Manilius touches — { 43 ' 4 40 
3° | 4 33 
Tycho touches — 1 * : 9: 
Manilius covered “ 19 4 Re 
a 4 4 42 

| Tycho porere’ 24.) 4 18. 
Menelaus bifefed — 6 i- = 
Prom. Acut. Cen. coveredji1o 16 eee. es 
Proclus bifefed -— sl- - 
Mare Crifium touches . ; 4 
Mare Crifium bifected 238 4 9 
Mare Crifium covered 10 ast fee 
Grimaldus emerges — _ 417 
Grimaldus bifeted — 41 |. - =. 
Grimaldus emerged i : | - = 
Galileus emerges  — — 3 53. 
Galileus hifected _ 57 ae 
Ariftarchus bifeéted. 46 fi - 


Difference of meridians on a mean 4 16” 
M.. Mecnain’s Obfervatory was 9’ 23”, and M. Mezssizr’s 9’ 18” eaft of: 
Greenwith.. 
Thus. 
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Thus I have given a comparative view of the different methods 
ITemployed in fettling the longitude of our Obfervatory, which 
is in Bootham, about 400 or 500 yards N. W. of the Minfter. 
The occultations and meridian tranfits of the moon’s limb, 
which make it 4’ 25%, or 1° 6’ 23”, would have been quite 
fufficient ; but {till it is interefting and ufeful to know how far 
the others err. With refpect to the eclipfes of the moon's 
fpots, I think that method is in general too much neglected; 
and that it might be relied on infinitely more, if certain cir- 
cumftances were mutually attended to. 

ift, To be particular in fpecifying the clearnefs of the tky; 
for in hazy weather the refults are very erroneous. 

2dly, To chufe fuch {pots that are well defined, and leave 
no hefitation as to the part eclipfed. | 

3dly, That every obferver fhould, as much as poffible, uf 
telefcopes equally powerful; at leaft let the magnifying powers 
be the fame. 

A principal objeétion may {till be urged, vs. the difficulty 
of diftinguifhing the true fhadew from the penumbra. Was 
this obviated, I believe, the refults would be more exaét than from 
Jupiter’s firft fatellite: undoubtedly the fhadow appears better 
defined if magnified little ; but I am mcch inclined to think, 
that with high magnifying powers there is greater certainty of 
chufing the fame part of the fhadow, which perhaps is more 
than a fufficient compenfation for the lofs of diftin&tnefs. 


Concerning the meridian obfervations of the moon’s limb. 


The advantages and precifion of this method for determining 
the difference of meridians is, as I have already faid, {o little 
fufpected, 
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fufpefted, that I flatter myfelf, the particulars I am going to 
mention will not be thought f{uperfluous. 
The rule I adopted is this: 
The increafe of the moon’s R.A. in 12 hours (or any pivett 
time) found by computation, is to 12 hours as the inctéafe of 


the moon’s R.A. between two places, found by obfervation, is te 
the difference of meridians. 


November 30, 1782. 
h. 
13 12 57,62 rueridian tranfit of the moon’s fecond limb } at Greenwich by 
#3 13 29,08 ditto of a m clock. , 


ES 





31,46 Difference of R.A. 


arenes 


33 14, 8,05, meridian tranfit of the moon’s fecend limb. 





53 14 30,13 aie of « te + at York by clock. 
a 
22,08 difference at York, (a clocks going nearly fidereal time 
31,46 difference at Greenwich, no correGtion is required, 


ipa: caer EER 


9,38 increafe of the moon’? apparent R.A. between. Greenwich and. 
York, by obfervation. 


a e , ‘ ° 
141 in feconds of a degree, —- dito, ditto, ditto, 


The increafe of the moon’s R.A. for 12 hours by computation is 23340 feconda,.. 
and 12 hours reduced into feconds is : 43200 ; 


therefore, according to the rule ftated above; 
23340 : 43200 :: 141: difference of. meridians ==261 — 


Thefe eafy obfervations and fhort-redu€tion are the whole of 
the bufinefs, Inftead of computing the moon’s R.A. for 12. 
hours, I have conftantly taken it from the Nautical Almanacs, 
which give it fufficiently exaét, provided fome attention be paid: 
to.the imcreafe or. decreafe. of the moon’s motion. 


vA Were 





418 | Mr. Picort’s Determination of 

Were the following circumftances attended to, the refults 
would undoubtedly be much more exact. 

1f{t, Compare the obfervations to the fame made in feveral 
other places. 

_adly, Let feveral and the fame ftars be obferved at thefe 
places. 

gdly, Such ftars as are neareft in R.A. and declination to 
the moon are infinitely preferable. 

4thly, Your advice to get as near as poffible an equal num- 
ber of obfervations of each limb, to take a mean of each fet, 
rand then a mean of both means, camnot be too ftrongly urged. 
I am perfe&tly of your opinion, that it will confiderably correct 
the error of tele{copes and fight. 

sthly, The adjuftment of the telefcopes to the eye of the 
obferver before the obfervation, which you alfo recommend, 
will appear very judicious to every aftronomer, who muft have 
frequently perceived what you mention, that the fight is 
fubje& to vary. 

6thly, Asa principal error proceeds from the obfervation of 
the moon’s limb, I think it may be confiderably leflened, if 
certain little round {pots near each limb were alfo obferved in 
fettled Obfervatories ; in which cafe the libration of the moon 
will perhaps be a confideration. 

athly, When the difference of meridians, or of the latitudes 
of the places, 1s very confiderable, the change of the moon's 
diameter becomes an equation. 

Though fuch are the requifites to ufe this method with 
advantage, only one or two of them have been employed in 
the obfervations that I have reduced. Two-thirds of thefe 
obfervations had not even the fame ftars obferved at Greenwich 
and York; and yet none of the refults, except a doubtful one, 

differ 
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differ 15” from the mean; therefore, I think, we may expect 
a {till greater exactnefs, perhaps within 10”, if the above 
particulars be attended to. 

When the fame ftars are not obferved, it is neceflary for the 
obfervers at both places to compute their R.A. from tables, in or- 
der to get the apparent R.A. of the moon’s limb; though this is 
not fo fatisfactory as by actual obfervation, {till the difference 
will be trifling, provided the ftars R.A.’s are accurately fettled. 
Your catalogue undoubtedly may be depended on the moft, and 
thofe ftars preferred which have their proper motions afcertained. 
A few years ago, I had the pleafure of communicating to you 
the proper motion of 6 Virginis, which J found to be 1/’,o2 
per year, increafing in R.A.*: was this unknown, and that ftar 
obferved alone with the moon, it would occafion, at this time, 
a very confiderable error. 

Iam alfo of opinion, that the fame method can be put in 
practice by travellers with little trouble, and a tranfit inftrument 
conftructed fo as to fix up with facility in any place. Though I 
have not confidered this fufficiently, I fhall, neverthelefs, fubjoin 
a few remarks that may engage others to turn their thoughts 
more fully to the fubje&. | 

It is not neceflary, perhaps, that the inftrument fhould 
be perfectly in the meridian to a few feconds of time, provided 
ftars, nearly in the fame parallel of dechnation with the moon, 
are obferved: nay, I am inclined to think, that if the inftru- 
ment deviates even a quarter or half of a degree, or more, 
fufficient exactnefs can be obtained, as a table might be com- 


* Some time previous to this communication, I had found, by the comparifon of 
py tranfit obfervations of a Aquilz and @ Virginis, that the latter had moved 
forward with a proper motion of 0,91 of time, or of 13,65 of R.A. from 
1767 to 1783, in 16 years, or at the rate of 0,853 a year, on fuppofitiou 
that the proper motion of « Aquilz is 0’’,57 a year forward. 


Vor. LXXVI. lii puted, 
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puted, fhewing the moon’s parallax and motion for fuch devia- 
tion, which deviation may eafily be found by the well known 
method of obferving ftars whofe difference of declination is 
confiderable. 

As travellers very feldom meet with fituations to obferve 
{tars near the pole, or find a proper objet for determining the 
error of the line of collimation, I fhall recommend the fol- 
lowing idea, which, I believe, has never yet been noticed, and 
hope it will anfwer the purpofe. Having computed the apparent | 
R.A. of four, fix, or more ftars, which have nearly the fame 
parallel of declination, obferve half of them with the inftru- 
ment inverted, and the other half when in its right pofition ; if 
the difference of R.A.’s between each fet by obfervation agree. 
with the computation, there is no error; but if they difagree, 
half that difagreement is the error of the line of collimation. 
The fame obfervations may alfo ferve to determine whether the 
diftance of the correfponding wires are equal. In cafe of 
neceffity, each limb of the fun might be obferved in the fame 
manner, though probably with lefs precifion. By a fingle trial 
I made above two years ago, the refult was much more exact 
than I expected. Mayer’s Catalogue of Stars will prove of 
great ufe to thofe that adopt the above method. 

In fuch a number of obfervations, it is not furprifing that a 
few fhould be erroneous; I have rejected only three. 

. A meridian tranfit of the moon’s limb, Auguft 18, 
1782; ¢ Sagitaril was the only ftar obferved at York; it , __, 
gives for difference of meridians, ; ; , 3 55 
Perhaps the ftar has a proper motion, or a miftake 
of one fecond might have been made in marking 


the clock. 
An immerfion of Jupiter’s firft fatellite, June 22, 
1783, which make the difference of meridians, ~ 3 42 


yee The 
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The air was hazy both at Greenwich and at York. 
-Laftly, an occultation of a ftar of the ninth magnitude, 
immerged behind the dark limb: of the moon, during 
the eclipfe of Sept 10, 1783, at 11h. 29’ 6” apparent 
time. M. Messzer alfo obferved it at-11h. 50’ 49/3 
apparent time at Paris: he determined its R.A. 
349° 22’ 17°", and declination 5° 38’ 23” fouth. M. 
GoopRIcKE, who computes very accurately, finds it _ 
gives for difference of meridians, ° . , 4 442 


Iam rather furprifed, that the immerfions of known ftars 
of the fixth and feventh magnitude behind the dark smb of 
the moon are not conftantly obferved in fixed Obfervatories, as 
they would frequently be of great ufe. 





Latitude of York. 


The following determinations for the latitude of York were 
made with a Birp’s 18-inch quadrant, the telefcope of two feet 
focus, with wns inftrument obfervations of the fame ftar 
feldom differ 10”, 


Latitude of the laiceaa i 


53 57 37 by 7 Seteevatioas of Arturus. 
53 57 41 by2 ditto. of « Lyre. 

53 57 52 by1‘ ditto of 8 Arietis. 
53 57 37 by! ditto of B Cygni. 
53 57 33 by2 ditto of Algol. 

$3 57 57 by4 ditto of y Lyre. 

53 57 49 by 8 ditto | of 8 Draconis. 
53 57 46 by6 ditto of « Draconis. 
53 57 5o by2 ditto of » Draconis, 


53. 57 45+-latitude on a mean, 
JLiia The 
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The line of collimation was deduced from 8, y, and z Draconis; 
half of each fet obferved with the face of the quadrant to the 
eaft, and half with its face to the weft. This, as well as the 
other methods, is very tedious, particularly when required to 
be often repeated, as is the cafe in travelling; I fhall therefore 
propofe the following invention, the idea of which was im- 
' proved on by Mr. SMEATON, and flatter myfelf it will prove 
of the greateft facility. 

The error of the line of collimation includes the fixed errors 
of the inftrument, and thofe that are fubje& to change, occa- 
fioned by the wires and glaffes, &c. of the telefcope moving. 
The error of thefe laft may be found by making the telefcope 
turn on its center, fo that the fun, ftars, or terreftrial objects 
may be obferved on the horizontal wire in two manners; firft, 
when the wire is in its natural pofition, and then inverted, 
which is performed by turning the telefcope 180 degrees, or 
half round: thus, this part of the error can always be known 
with the greateft eafe; and in order to find the fixed errors, .it 
is requifite for a fingle time to get the whole error of the line of 
collimation by one of the common methods, from which the 
error of the telefcope being deducted, the fixed errors become 
known ; and as they are unchangeable, if any alteration fhould 
take place, it proceeds from the telefcope, and may eafily be 
detected as fhewn above. Perhaps, inftead of the whole tele- 
fcope, it would be fufficient only to make that part turn con- 
taining the eye-glafs and wires. 


As 





the Latitude and Longitude of York. gag 


As the following obfervations made alfo at York may be 
of ufe, I beg, Sir, you will annex them to my paper on the 
longitude and latitude of that city, which lately I had the 
pleafure of fending you. 


Dates. App. time. 











h. so 
1781,Julyic] 9 41 $9 | Emerfion of Jupiter’s fecond fatellite; night fine. 
1782,May24]12 23 12 | Immerfion of Jupiter’s fecond fatellite ; good. 
July 20/11 27 40: | Emerfion of Jupiter’s ad fat.; doubtful; air very hazy. 
Nov. 30/20 57 16 {[Immerfion of « ty behind the moon; inftantaneous. 
20 57 214% Ditto ditto; in another part of the town. 
Eclipfe of the moon. 
3783,Mar.18| 8 27 50 | Total immerfion of the moon; air very clear. 
8 27 33° Ditto; good. 
10 g 36 [ Moon begins to emerge ; 
10 10 18 }Certainly emerged; | 
June 26113 35 21 }Immerfion of Jupiter’s fecond fatellite; good. 
13 34 52* Ditto; middling. 
Eclipfe of the moon; air clear. 
Sept.10] 9 30 45 | Appearance of penumbra. 
12 17 30 § Moon not emerged, but light ftrong. 


air hazy. 


12 19 35 Ditto; very ftrong. 

12 23 14 | Moon begins to emerge, but uncertain. 

12 21 44 Ditto; more certain. 

12 21 56* Ditto; ditto. 

12 22 24 |} Moon certainly emerged. 

I2 22 24% Ditto. 

13 21 CO | End of the eclipfe, doubtful; air hazy, 

13 21 23% . Ditto. 

13 22 18* | Certainly ended, but not clear of penumbra. 
13 22 45 Ditto, ditto; air clearer. 


' Several fpots were obferved, but are here omitted, 
for fear of being too voluminous. 
Emerfion of Jupiter’s fecond fatellite; airclear; but 
Sept.16f10 22 41 fupiter low. ? 
231 9 27 18 | Emerfion of Jupiter's 3d fat.; Jupiter low; undulation, 
O& 111 7 34 9* | Emerfion of Jupiter’s fecond fatellite. 
7 34 21 Ditto; tolerably good. 
2G] § 42 53 | Emerfion of Jupiter’s third fatellite, 
§ 49 16 {Equal in brightnefs to the fecond fatellite; air clear. 
Immerfion of Jupiter’s third fatellite ; tolerably good, 
1784,July27f10 7 46 { though undulation. | 
Dates. 
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Dates. App. time. 














h. 
1784, Aug. 26} 8 54 12 |Immerfion of * f behind the moon; inftantaneous. 


Emerfion of Jupiter’s fecond fatellite ; Seo0 though 
veer O49 30 { flight haze. 


9 49 26* Ditto. 
Nov.12] 9 33 59 |Emerfion of Jupiter’s fecond fatellite. 
34 #I* Ditto. 

1785, July 15]12 26 So |Immerfion of Jupiter’s fecond fatellite ; air clear. 
Aug. 18/11 44 37 |lmmerfion of fupiter’s third fatellite ; good; the air a 
Sept. 17/12 16 55 {Immerfion of Jupiter’s fecond fatellite ; good; {tele vae 
O&. 29] 6 33 26 |Emerfion of Jupiter’s third fatellite ; pourith. 

I examined Jupiter’s fourth fatellite during 20’, with- 
Nov. 15] 9 24 = { out being certain whether it had diminitbed in 
light. 
Dec. 151 5 50 48 I[mmerfion of 125 ¥ by the moon, exact within 3”. 


I have again marked with an afterifk the obfervations made 
by Mr. Gooprickg, who defired me to communicate them. 
This worthy young man exifts no more; he is not only 
regretted by many friends, but will prove a lofs to aftronomy, 
as the difcoveries he fo rapidly made fuffitiently evince : alfo 
his quicknefs in the ftudy of mathematics was well known to 
feveral perfons eminent in that line. 


Declination of the needle. 


h * 
1780, Sept. 13. at 24s by a mean of 22 trials, 23 40% 


1782, Dec. 26. at 02, by a mean of 16 trials, 23 5+ ee 
1783, Nov. 14. at 02, by a mean of 19 trials, 23 59— Declination wet. 


1784, Jan. 17. at 02, by a mean of 13 trials, 23 54+ 
Thefe obfervations were taken with all poffible exaCtnefs ; the 
needle was four inches long, and made by DoLLonp. 


Sir H. ENGLerizip, when at Scarborough, in Auguft and 
September, 1731, was fo kind as to obferve, at noon, the 
height of his barometer and thermometer. I alfo made fimilar 

obfervations 
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obfervations in the Obfervatory at York’; from which, by eight 
comparifons, none difagreeing above 0,018 of an inch from 
the mean, J find, that the quickfilver at the fea ftood 0,063 
of an inch higher than at York: ‘The barometers were made 
by RaMsDEN, and they agreed together to 0,005 part of an 
inch. We may later alfo expect to get the mean height of 
the barometer and thermometer, as there are feveral gentlemen : 
that obferve them every day, particularly Mr. Wyvit and Dr. 
WuiTse at York, and Mr. Cuomon ey at Branfby. 


I remain, Sir, with great regard, &c. 


EDW. PIGOTT. 
May 26, 1786, 
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XXIV. Advertifement of the expected Return of the Comet of 
1532 and 1661 in the Year 1788. By the Rev. Nevil 
Mafkelyne, D. D. F. R. S. and Afronomer Royal. 


Read June 29, 1786. 


HE comet of 1531, 1607, and 1682, having returned 

in the year 1759, according to Dr. HALLEy’s pre- 
diction in his Synopfis Afronomie Cometice, firft publifhed in 
the Philofophical TranfaCtions in 1705, and re-publifhed with 
his Aftronomical Tables in 1749, there is no reafon to doubt 
that all the other-comets will return after their proper periods, 
according to the remark of the fame author. 

In the firft edition of the Synopfs he fuppofed the comets of 
1532 and 1661, from the fimilarity of the elements of their 
orbits, to be one and the fame; but in the fecond edition he has 
feemed to leffen the weight of his firft conje€ture by not 
repeating it. Probably he thought it beft to eftablifh this new 
point in aftronomy, the doétrine of the revolution of comets 
in elliptic orbits, as all philofophicai matters in the beginning 
fhould be, on the moft certain grounds; and feared that the 
vague obfervations of the comet, made by APIAN in 15332, 
might rather detract from, than add to, the evidence arifing 
from more certajn data. Aftronomers, however, have gene- 
sally acquiefced in his firft conjecture of the comets of 1532 
and 1661 being one and the fame, and to expect its return to 
its perihelium .accordingly in 1789. 

The 
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The interval between the paffages of the comet by the peri- 
helium in 1532 and 1661 is 128 years, 89 days, 1 hour, 29 
minutes (32 of the years being biffextile), which added to the 
time of the perihelium in 1661, together with 11 days to reduce 
it from the Julian to the Gregorian ftile, which we now ufe, 
brings out the expected time of the next perihelium to be — 
27th, 1h. 10’ in the year 178g. 

The periodic times of the comet, which appeared it in 15 31, 
1607, and 1682, having been of 76 and 75 years alternately, De. 
Havtey fuppofed, that the fubfequent period would be of 76 
years, and that it would return in the year 1758; but, upon con- 
fidering its near approach to Jupiter, in its defcent towards the 
fun in the fummer of 1681, he found, that the action of Jupiter 
upon the comet was, for feveral months together, equal to one- 
fiftieth part of the fun upon it, tending to increafe the inclination 
of the orbit to the plane of the ecliptic, and lengthen the periodic 
time. Accordingly, the inclination of the orbit was found by 
the obfervations made in the following year 1682 to be 22’ 
greater than in the year 1607. The effect of the augmentation 
of the periodic time could not be feen till the next return, 
which he fuppofed would be protracted by Jupiter’s action to 
the latter end of the year 1758, or the beginning of 1759. 
M. CLAIRAuvT, previous to its return, took the pains to cal- 
culate the actions both of Jupiter and Saturn on it during the 
whole periods from 1607 to 1682, and from 1682 to 1759, 
and thence predicted its return to its perihelium by the middle 
of April; it came about the middle of March, only a month 
fooner, which was a fufficient approximation to the truth in fo 
delicate a matter, and did honour to this great mathematician, 
and his laborious-calculations. 
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‘The comet in queftion is alfo, from the pofition of its orbit, 
fiable to be miuch difturbed both by Jupiter and Saturn, par- 
ticularly in its afcent from the fun efter pafling its perthelrum, 
if they fhould happen tobe near it, when 1t appoaches to er 
croffes their orbits; becaufe it is verry ‘near the plane of them at 
that time. When it pafled the orbit of Jupiter in the be- 
ginning of February 1682, O. S. it ‘was 50° in confequentia of 
that planet; and when it paffed the orbit of Saturn in the 
beginning of Ottober 1663, it was 17° im confequentia of it. 
‘Hence its-motion would be accelerated while it was approach- 
ing towards the orbit of either planet by its feparate action, 
and retarded when it had pafled its orbit; but, as st would be 
f{ubjeéted to the effet of retardation through a greater part of 
its orbit than to: that of acceleration, the former would exceed 
the latter, and confequently the periodic time would be 
fhortened; but probably not much, on account of the confi- 
derable diftance of the comet from the planets when it paffed 
by them; and therefore we may ftill expect it to return to its 
perihelium in the beginning of the year 1789, or the latter 
end of the year 1788, and certainly fome time before the 27th 
of April 1789. But of this we fhall be better informed after 
the end of this year, from the anfwers to the priae queftion 
propofed by the Royal Academy of Sciences at Paris, to com- 
pute the difturbances of the comet. of 1532 and 1661, and 
thence to prediét its return *. 


* Since this was written, I received the unwelcome news, in a letter from 
M. Mecuarn, of the Royal Academy of Sciences at Paris, that the Academy 
has not received fatisfactory anfwers concerning the difturbances of the comet 
between 1532 and 1661, and 1661 aud the approaching return, and that. the 
prize is referred to be adjudged of at Eafter 1788, and that it will be 6000 
livres. N. M, 


7 | if 


f 
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If it fhould come to its perihelium on the rft of January 
1789, it. might probably be viftble, with a good achromatic 
telefcope, in its defcent to the fun, the middle of September 
1788, and fooner or later, according as its perihelium fhould 
be fooner or later. It will approach us from the fouthern parts 


of its orbit, and therefore will firft appear with confiderable . 


fouth latitude and fouth declination ; fo that perfons refiding 
nearer the equator than we do, or in fouth latitude, will have 
an opportunity of difcovering it before us. It is to be withed 
that it may be firft feen by fome aftronomer in fuch a fituation, 
and furnifhed with proper inftruments for fettling its place in the 
heavens, the earlieft good obfervations being moft valuable for 
determining its elliptic orbit, and proving its identity with the 
comets of 1532 and 1661. ‘The Cape of Good Hope would 
be an excellent fituation for this purpofe. 

In order to affift aftronomers in looking out for this comet, 
I have here given its heliocentric and geocentric longitudes and 
latitudes aud correfpondent diftances from the fun and earth, 
on fuppofition that it fhall come to its perihelium on January 1, 
1789. But if that fhould happen fooner or later, the he- 
liocentric longitudes and latitudes and diftances from the fun 
will ftand good if applied to days as much earlier or later, as 


~ 


the time of the periheliym may happen fooner or Jater; and 


the geocentric longitudes and latitudes and diftances from the 
earth muft be re-computed accordingly. The calculations’ are 
made for a parabolic orbit from the elements determined by 
Dr. Havrey from HeEveEtivs’s obfervations in 1661, only 
allowing for the preceffion of the equinoxes. ‘The elements 
made ufe of were as follows: 

Time of perihelium January 1, 1789, at noon. 

Perihelium diftance 0,44851. 

Kkk2 Place 
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Place of afcending node 2* 24° 18’. 
- Inclination of orbit to the ecliptic 32° 36’. 
Perihelium forwarder in orbit than the afcending node 


33° 28. 
It motion is direct. 


Computed places of the comet, on fuppofition that it thal 
return to its perthelium January 1, 1789, at noon. 
: | | 


Lilt. | Ditt. {Helincen- [rienocen ff Geocen- | Geocen- [rroduct of 
from} from |tric longi- |rric lati- |:ric longi-ftric Jatie | diftances] 





Times. ©. the |tude. tude. tude. from © 
earth. isd earth. 
17988 © S. D.M|D. M. [S. D.MJ Db. M. 


11 16 3c] 27. §S] 18,07 
11 26 31h gr 4 | 12,38 
O 3 21) 38 11 7530 
O 4 51 42 59 | 5,90 
Oo 2 Cc} 48 16 4,48 
Sept. 7, -1 2,25] 1,51/11 20 9]32 11 25 ¢! §3 28 3138 
a Ir 13 12} 50 45 : 
10 28 221 56 36 1475 
10 I6 §Cl 52 6 I$! 
10 36} 46 47 1,10 
10. 4 106 39 O 0,76 
g 29 18 27 45 0,46 
914 34) 2 7S] 0,25 
9 12 5t1 Oo O 0,25 





The laft obfervation made by Heverrus on the comet in 
1661 was when its diftance from the earth was 0,986, and 
from the fun 1,37, with what he calls a very long and good 
telefcope ; at which time it area fant and {mall with it, 

though 
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though ftill fufficiently vifible. Let us fuppofe this to have 
been a telefcope of 9-feet focal length, with an aperture of 1,65 
inch; then, becaufe the diameter of the aperture of a tele- 
{cope fufficient to render the comet equally vifible fhould be as 
the product of its diftances from the fun and earth, and the 
produét of the numbers above-mentioned 0,986 and 1,37 is 1,35, 
we fhall have the following analogy to find the aperture of a 
refracting telefcope fufficient to fhew the comet as it appeared 
to HEvetius. As 1,35: 3,65 inch :: 9: 11 inches, fo is the 
produ&t of diftances:from the fun and earth tothe diameter of 
the aperture required in inches, | 
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XXV. ff new Method of finding Fluents by Continuation. By 
the Rev. Samuel Vince, 4M. F. R.S. 


Read July 6, 1786. 
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4 &c. omitting, as before, the terms at the end arifing from 
the remainders. Hence if the laft ¢ fluents be given, we can _ 
by continuation find the required fluent. 
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The utility of finding fluents by continuation was manifeft ° 
to Sir Isaac Newton, who firft propofed it; and fince his - 
time fome of the moft eminent mathematicians have employed - 
much of their attention upon it. ‘The method which I have © 
‘inveftigated and exemplified n this Paper I offer as being en- 
tirely new ; and at the fame time it not only exhibits, at once, . 
the general law up to the required fluent, but alfo appears, from : 
fome of the inftances here given, to be more extenfive and con- 


venient in its application than any method hitherto offered. 
The 
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The general refolution of the given fluxion into a feries of 
fluxions of the fame kind, where the index of the unknown 
quantity without the vinculum keeps decreafing or increafing 
either by the index under or by half the index, has not, that 
I know of, before been given; which furnifhes us at once not 
only with a very eafy method of continuing fluents, bat alfo 
points out a very fimple method of inveftigating the fluent of 


the given fluxion without continuation. For if f A= pt+é J B 
+cefC+d/D+&c. /B=jf/' +e fC+d /D + &c. fC = 
p’ +a” [D+&c. &c. &c. then if for / B, LT, &c. &c. we 
fubftitute their refpective values, we fhall get a general feries 


for / A without continuation. The extent of any new method 
is, at firft, feldom obvious; and how far that which is here 
propofed may be fuccefsfully employed in other cafes will beft 
appear from its application. Different methods will always be 
found to have their ufes in particular cafes; for where one be- 
comes impracticable another will often be found to fucceed; 
and I hope that which is here offered will contribute fome- 
thing towards facilitating the inveftigation of fluents. 
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KXVI. Conjeftures relative to the Petrifactions found in St, 
Peter’s Mountain, near Maeftricht.. By Petrus Camper, 
M. D.F. R. S. 


Read July 6, 1786. 


HE difcovery of a great number of petrified bones about 
the year 1770, 1 the mountain of St. Peter at Maef- 
tricht, and particularly of large jaw-bones’ with their teeth, 
fuggefted to the late M. Horrman, firft Surgeon to the 
Military Hofpital at Maeftricht, a worthy member of feveral 
learned Societies, and a great admirer of natural hiftory, the idea 
that thefe maxillz belonged to crocodiles. This notion was fpread 
by himfelf and his literary correfpondents through all Europe. 

He did me the favour to fend me, not only the hiftory of 
thofe petrifaGtions, but alfo feveral figures of the jaw-bones in 
queftion, and of other bones, which were all intirely new to me, 
except fome fragments of the bones of turtles. I difcovered, 
however, at the very firft fight, the charatteriftical differences 
which  diftinguifhed thefe bones from thofe of ene of 
which I had at that time feveral in my collection. 

His intention was to write upon this fubjeét, and to fend his 
effay, containing his reafons for fuppofing thefe bones to belong 
to crocodiles, to the Royal Society; but I diffuaded him, as a 
friend, from doing this, left he fhould afterwards be under a 
neceflity of retracting his: opinion: and I fent him a figure of 

Vou. LXXVI. Mmm the 
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the lower jaw of a crocodile, accurately done by .my own 
hand, and foon after the fkull and under jaw of a pretty large 
. erocodile; which induced him to-defer his defign of writing 
about thefe antiquities of the old world, until he fhould be 
better informed on the fubjeCt of cetaceous fithes. 

Major Drouin, of Maeftricht, who. made, about the fame 
time, a collection of an infinite variety of corals, madrepores, 
alcyoniums,. echinites, belemnites, fhells, and petrified’ wood, 
from the fame mountain and its environs, Itkewife procured a 
beautiful fpecimen of two maxillary bones of the fame incop- 
nitum, but with the infides turned outwards; and this gentle 
man. aHo fuppofed them to belong to. the crocodile. A fketch 
of this fpecimen is to be found in M. -Bucuoz’s Dons de la 
Nature, tab. 68. But the tpecimen itfelf is now in TEYLER’s 
Mofeum,. at Haerlem, with the whole of Major Drouin’s 
collection. 

Another ftilf more valuable and per&&& ieten? 18 to be feen 
at the houfe of tlie reverend Dean Goppine, of which there 
- 46 likewife a rough fketel: in M. Bucto2’s Dons de le Noture, 
pl. 66. In this the greater part of both the upper and under 
maxillary bones. is intire, and a bene, with {mall teeth, bee 
Jonging' to. the palate 5 by which i appears, the animal had 
not onty teeth m: the jaw-bones, but: alfo tm the throag, as 
feveral fifhes have, but ‘which are: never saci in the mouth of 
€rocodiles. 

_ Notwithftanding a# my endeavours. to convince my friends, 
and afterwards M. Drourn, and partreularly the Dean, whofe 
valuable and truly beautrful {pecimens I faw in the year 1782, 
I never could prevail upon them ta: adopt my opinion, that 
thefe bones belonged to phyfeteres or refpiing fifhes. M. 
HorFMANN, adhering clofely ta the Linnzan Syftem, ob- 
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jected, that the phyfeteres had teeth only in the lower jaw- 
bone, whereas this foffil monafter had theta in both upper and 
Jower maxilla. He did not feem to recolled&, that guonrgp 
fignifies fomething refpiring, or breathing, and applied to 
fithes, breathing fifoess; nor that. the phyfeteres, according to 
the Linnzan fyftem, have {mall teeth in the upper jaw-bone, 
though larger ones in the lower jaw, according to the obfer- 
vations of Dr. OrHo Fasricius, m his Fauna Groenlandica, 
p-. 42. where he mentions the macrocepbalas, and p. 45. where 
he fpeaks of the mtcrops. 

In Auguft 1782, 1 fent M. Goppine, whe had favoured 
me with a copy of his valuable {pecimen, a fall dernonftration 
of its being the head of a phyfeter, or breathing fifth, Del- 
phiaus, or Orca, or under whatever genus it may be ranked, 
as having large teeth of the fame fize in both the maxillz. 
But in vain; for he continues fill to call it a crocodile, as if 
its value depended upon the {pecies of the animal. 

The analogy of all the other marine bodies feems to make 
it fill more probable, that thefe large bones belong to the 
inhabitants of the fea, and not of rivers. The large turtles, 
the numbertefs echinites, madrepores, fhells, alcyontums, be+ 
lemnites, orthoceratites, and fo on, are all fea animals; and 
the crocodile would, in that cafe, be the only inhabitant of the 
rivers mixed with them, 

The pretended crocodile found near Whitby, in Yorkthire, 
Phil. Tranf. vol. L. p. II. 1758, § 92. p. 688. and ibid. § 108. 
p. 786. is andoubtedly the ikeleton of a Balana 

§ 2. Afverthe deceafe of M. Horrman, his family having 
offered the whole collection for fale, — went in Auguft 1782 to 
Maeftricht on purpofe to examine its and I could-not but 
greatly admire the richnefs and beauty of the collection, efpe- 
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cially that of the foffil.bones from St. Peter’s mountain; but 
as the heirs did not confider the expences neceffary to tranfport 
the colle€tion down the Maefe, where each foverergn puts an 
enormous duty upon every thing that pafles through his terri- 
tories, nor the {mall number of perfons who were likely to 
purchafe it, they rated the price fo high that nobody chofe to 
bid for it. 

The eldeft daughter having at length become pofleffed of 
the whole, offered me the principal fpecimens at a price I 
agreed to. Amongft them were the duplicates I have already 
fent to the Britifh Mufeum, and with which the honourable 
~ Truftees are perfectly fatisfied. ‘Thefe {pecimens may ferve 
ikewife tg afcertain what I have.faid about them, as being 
eal fragments. of phyfeteres, fome of turtles, and the like, 
but not a fingle one of any fpecies of crocodile. 

§ 3. The arguments for their being .jaw-bones and vertebre 
of fifhes feem to be, firft, the fmoothnefs of thefe bones; 
and, fecondly, the many holes by which the nerves go out 4t 
the fide, and under each tooth, as is very evident in that beau- 
tiful fpecimen now in the Britith Mufeum, on the outfide of 
which eleven holes are vifible, in the fame manner ae they are 
in the delphini, and more particularly in the lower jaw-bone 
of the cete, the Phyfeter macrocephalus, or pot-fith, cacha- 
Jot, &c. Thirdly, the form of the teeth, which have folid 
roots, as in tab, XV. fig. 6. B,C, E, F, and the fix teeth of tab. 
XVI. Fourthly, becaufe there are little teeth in. the palate, as 
in Dean Goppine’s fpecimen. Fifthly, becaufe the vertebra 
have the appearance of true cetaceous vertebra, as in fig. 5. 
tab. XV. and in feveral. beautiful and large fpecimens now in the 
Mufeym. | Several of thefe vertebrae. were befides intirely un- 
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Known to me, and not at all analogous to the vertebra of the 
crocodile, defcribed and reprefented by Dr. N. Grew. 

§ 4. As I intended to vifit London in 1785, I flattered 
myfelf I fhould ftill find the fkeleton of the great crocodile 
formerly at Grefham College,-and be able to find out fuch 
characteriftic diftin€tions as fhould be neceflary to decide the 
queftion. Dr. Gray was fo kind as to go with me to the 
lower apartments of the Britifh Mufeum, where we found, 
though not without difficulty, the fkeleton much negletted, 
{poiled, and deprived of feveral interefting parts. I admired, 
neverthelefs, the remainder of it, being infinitely pleafed with 
the tran{verfe futures, tab. XV. fig. 1, 2. 2, 6.6, f-3,G by 
which not only thofe of the neck and thorax, but thofe of 
the loins alfo, are divided, and which I made a drawing of, as 
large as the life, the 2oth of OGtober, 1985, af which fig. x. 
and 2. are very accurate copies. 

I confefs I had not obferved that particular drvifion or future 
in the fkeleton of a fmall crocodile, of thirteen inches, made 
by my youngeft fon; but after being apprized of it by the 
large fkeleton in the Mufeum, of twelve feet four inches, 
Paris meafure, on looking at my own when I returned 
home, I found them both alike, and that thofe parts were not 
epiphyfes; of which, however, the tran{verfe procefles of the 
neck, fig. 1. d, ¢, 9, 0, ”,. p, haveall the appearance, though 
there is no other epiphyfis to be obferved in the reft of the 
bones of that large fkeleton. 

When we compare the foffil vertebra, fig. 5. with thofe now 
in the Mufeum, we fhall find the epiphyfes AB, CD, analo- 
gous to a, 4, c, d, fig. 4. being the real epiphyfes in the ver- 
tebra of a young porpoile. 

I procured, 
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I procured, in London, the largeft vertebra of the neck of 
a turtle I could get, and prepared two of them as in fig. 3. in 
which, as along the back of that fingular creature, I found the 
tranfverfe divifions a, c, 4, f: of all which [ have not feen a 
fingle inftance amongft the dorfal {pine from St. Peter’s moun- 
tain, one of which confifts of feven, another of twelve, anda 
third of’ fourteen vertebrx. Some of the vertebre have, I 
acknowledge, an inferior procefs, as-in the crocodile, /, m, 
fig. 1. Of thefe I have fent likewife two to the Mufeum. 
The oftrich, and the turtle Mydas, have fuch proceffes, but 
20 quadruped I know of. 

The articulation of the vertebre with-each other, by the 
furfaces of the bodies themfelves, is intirely different, not only 
from that of the crocedile, but from that of all the cetaceous 
fifhes I have ever feen: and I dare venture to affert, I have 
feen a great many, exclufive of thofe in my colle&tion. The 
anterior part of the Maeftricht vertebr is more or lefs trian- 
gular and hollow, as in fig. 5. C, D, L. The pofterior A B is 
convex. Both thefe furfaces are very {mtooth, as 1f they had 
been cayvered with a very thin cartilage, and moved one upon 
the other, without being united by an elaftic lamella, as tn all 
quadrupeds and cetaceous fifhes; in which the vertebre have on 
both the furfaces a round brim, or circular edge, a, 4, 1, 5, by 
means of which the hgaments are connected, and a flat hollow 
furface within, as 4, 1, fig. 4. for the elaftic pulp that ts between 
them. 

§ 5. The dentition is fo fingular in thefe foffil jaw-bones 
that it deferves a particutar defcription. In ali quadrupeds, as 
in man, the teeth which appear firft are all thed at a certain 
periad of life, and in the mean tims new ones are formed 
above, under, or at the fides of the primordial or temporary 
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teeth, but in different fockets. ‘The grinders are not all re- 
newed, butin general three when there are fix, and two when 
there are five. Nature, however, is not always uniform im this 
operation. Mr.. Joaw Hunter, a worthy Member of our 
Society, has given a very interefting and complete natural 
hiftory of the teeth, in which thefe obfervations are ftated. 

In the crocodile the fucceediag or fecondary teeth appear ever 
when the animal’s head 15 equal to two feet; that is, when it 
has acquired one-third of its ufual growth. When they grow 
too faft, before the temporary tooth is fhed, they perforate the 
fide of the bone, at the part where they meet with the leaft 
Fefiftance. Inftances of this variety oecur in the large croco« 
dile’s head, which isin my colleétion. 

In alk quadrupeds the enamel is, of the folid parts of the 
teeth, the firft formed, making: a.cavity, in. which the other 
bony fubftance is depofited, and formed by lamellz placed 
ene within another, as is obferved by Mr. Joun HunTER in 
the work already mentioned, p. 92. To this the root is added, 
which is filled in the fame manner till the tooth is long enough: 
to pierce through the gums. 

But in the fofhil jaw-bones of St. Peter's mountain, a 
fmall fecondary tooth is formed, with its enamel and folid root 
at once, within the' bony fubftance of’ the primordyal or teme 
porary tooth itfelf, as is to be feen in the {mall fragment now 
in the Britifh Mufeum, and in tab. XVI. A, B,C, D, E; which, 
hy continuing to grow, feem to make by degrees fufficient ca- 
vities in the bony roots of the primary teeth: but what bee 
comes of them at laft, and how they are fhed, I am not able 
to guefs, I have one in my collection, where the fucceeding 
tooth is intirely formed within the center and fubftance of the 
primordial tooth. In the6th figure (tab.XV.)a little oval cavity is 
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obfervable, which has been ‘the feat of a new or fecondary 
tooth. . 

_§ 6. The maxilla infersor of the incognitum, fent by me to 
the Britifh Mufeum, is a moft magnificent f{pecimen, having 
fourteen teeth. -A fimilar one, fomewhat longer (as it mea- 
{ures 3% feet) in my own collection, has alfo feurteen. Ano- 
ther fragment of the left fide, two feet long and eight inches 
broad, fhews the primordial aad fucceeding teeth in the cleareft 
manner. | 

The {pecimen, of which I fent a drawing (tab. XVI.) to the 
illu{trious Prefident of our Society, Sir JosepH Banks, is fill 
more uf2ful to confirm the mode of dentition than any other I 
have in my mufeum. 

§ 7. Several ribs and the phalanges of the toes of the fore- 
feet, a {pecimen of which I fent in a fragment from the fame 
rock, of about a foot long and eight inches broad, may ferve 
as another proof of the difference between thefe and the cro- 
codile’s toes, when compared with the ftill valuable, though 
neglected, fkeleton in the Britifh Mufeum; which I am forry 
Y could not make a drawing of, having been too much em- 
ployed on other objeé&ts. 

All thefe charateriftic differences cannot fail to convince the 
learned Society of the truth of what I‘have afferted, about the 
animal thefe bones belonged to; for though we cannot deter- 
mine exaétly the fpecies itfelf, yet I flatter myfelf the preceding 
obfervations evidently prove, that they did not belong to any 
animal of the crocodile kind. 

» § 8. Another very beautiful {pecimen, a foot and a half 
long, and about ten inches broad, | have been induced to add, 
becaufe it contains the anterior part of the {cutum of a wery 
Jarge turtle. Of this Mr. Joun Hunter has an analogous 
bone 
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bone from the fame mountain in his valuable collection, but 
fent to him under another name. Iam convinced it belonged 
formerly to a turtle; firft, becaufe I have from the fame 
mountain the intire back of a turtle, four feet long and fix- 
teen inches broad, a little damaged at the fides, and a pretty 
large fragment of another turtle, in my poffleffion. dly, Be- 
caufe I have a fimilar one, but fo placed within the matrix as 
to fhew the infide, which is perfectly analogous to the infide 
of that piece in the back of a large turtle I got in London, by 
the favourof Mr.SuHeLpon. jdly, Becaufe I have amongtt thefe 
bones the lower jaw-bone of a very large turtle, of which 
the crura, though not intire, are feven inches long, and 
. diftant from oné another fix inches; the thicknefs 1s equal to 
sdiunch. , 

All thefe fragments prove the frequency of turtle bones 
amongit the other foffil bones found in the mountain near 
Maeftricht. 

Dr. MIcHAEL1s wrote td me fome time ago, that the above- 
mentioned fragment, in Mr. J. Hunter's Colleétion, be- 
longed to a bird; which I could hardly believe, as I never had 
{zen in any colle€tion whatfoever, either in London, Paris, 
Bruffels, Gottingen, Caffel, Brunfwic, Hanover, or Berlin, 
nor in my own country, any foffil bone belonging to a bird. 
1 know there is a fmall one defcribed in the Abbe Rozrer’s 
Journal de Phyfique, for March 1782, which is at prefent in 
the collection of M. p’ArcetT, at Paris. I expect alfo from 
Montmartre a {mall leg of a petrified bird; but thefe are the 
only ones I have ever heard of, thofe of Stonefield, near Wood- 
ftock, being moft undoubtedly of fifhes. I think it is a cir- 
cumftance worthy the attention of the curious, that no human 
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bones, and of birds but very few, have been hitherto found in 
a petrified ftate, and belonging to the old world. 


PETRUS CAMPER. 


Klein Lankum, near Franeker, 


June 18, 1786. 


EXPLANATION OF THE PLATES. 


TAB. XV. 


Fig. 1, 2. Are vertebra taken from the fkeleton of the croe 
codile defcribed by Dr. Nenu. Grew, in his Catalogue of the 
Natural Rarities at Grefham College, p. 42. and p. 43. 

a,b. c,f. 8, f the bodies of the vertebre; @, 5 of the 
fourth; c, f of the firft vertebra of the neck; @, x, ¢. and 
x, y, w..the fpmous procefles; » 2. and s. the afcending:; 
t, and # v. the defcending procefles; g, 4, ¢, 1. d, €, my py 059 
the tranfverfe, united by cartilages to the bodies of the verte- 
bre. Grew calls them off@ mucronata. The tranverfe prov 
cefles of the fourth vertebra being loft, the roots of the mucroe 
nated proceffes are very evident at g 4, i &. 

On the under part of thefe vertebra are (/ and m) procefies, 
fimilar to thofe we find in the vertebra of. the neck in turtles 
and birds. Not only the fix pofterior but the five anterior ver- 
tebra of the back are provided with fuch proceffes; of thefe, 
however, Dr. GREw makes no mention. 


% 


2 | Fig. 
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_ Fig. 2. Reprefents the feventh vertebra of the back; A» 
and C. are the afcending and dzfcending procefles, forming 
the articulations with the adjacent vertebre; B. the tranf- 
verfe procefs, to which is united the rib FB. in B.; 
DE. the {pinous procefs ; * H, I. the body of the fame ver- 
. tebra. 

Thefe figures are as at as the life, and made from the 
fame fkeleton, now in the Britifh Mufeum. The whole length 
is equal to 12} feet, Paris meafure; the head equal to 2 fect ; 
the neck equal to 1 foot ; the trunk equal to 3 feet 8 inches; the 
tail equal to 5 feet 8 inches. The meafurement given by Dr. 
Grew does not agree with mine; but he feems not to have 
taken it with great attention (p- 42.), for he makes ufe of the 
words about, almof, &c. 

OxssERVATION. What ftruck me was, the tranfverfe future, 
a, b. c, f. 3, ©. which divided the bodies of all the vertebra of 
the neck, back, and loins. This divifion ended with the os 
{acrum, which was intire, as were alfo the vertebrz of the tail. 
Dr. Grew feems only to haven taken notice of the futures be- 
longing to the tranfverfe procefles. 

I have a {mall fkeleton of a crocodile equal to 13 inches, in 
which the 7 vertebra of the neck, 12 of the back, and the 
5 of the loins, are divided in the fame manner as in the large 
fkeleton in the Britifh Mufeum. Thofe of the os facrum 
and tail are without, and have no mark of an epiphyfis. 

Conciusion. The tranf{verfe divifion of the vertebrz above- 
mentioned is alfo peculiar to this animal; and there is- no 
epiphyfis, as in other animals. 

To be fure of this, I diffe&ted and made a {fkeleton of the 
Lacerta Iguana, Linn. fp. 26. perfectly well defcribed by 
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MarccraF, Hi. Braf: p. 236. cap. 11.3 but I found no 
fuch divifions, though the animal was young, and though it 
had ftill epiphyfes on the legs, &c. The neck confifts of 4 verte- 
bra, the back of 11, the loins of 9, the os facrum of 2, as 
in the crocodile; the tai] of more than 60. 

The diffection of tortoifes feemed to me of confequence, at 
Jeaft a more accurate infpection of the vertebra, particularly 
thofe of the neck, as being analogous in fome refpects to 
thofe of the crocodile, efpecially in the ftructure of the infe- 
tior procefles D, and E, with /, m, fig. 1. 


Fig. 3. Reprefents two vertebra of the neck of a pretty 
large turtle, natural fize. 

AB, BC. the bodies; L. and I. the afcending, H. and T. 
the defcending proceffes; R. K. the fpinous, a, 4. d, e. the 
tranfverfe, and D. E. the inferior proceffes. 

a, b, ¢. d, é, f. the tranfverfe divifion of thefe, fimilsr to 
that in the crocodile. . 


Fig. 4. A vertebra from ‘the tail of a young photexna or 
porpoife ; in which a, 4. 1s an orbicular plate, united by mcans 
of cartitage to the body of the vertebra a, a. which ts provided 
with fuch a one on both fides, a, 6. and ¢, @. 

Thofe bony lamellz are the epiphyfes of the vertebrie, ‘and 
are alike in all quadrupeds, to which clafs all the cetaceous 
fifhes belong. When we confider the ftrui@ture in-general 
of thefe Jaft, we find the hind legs only ‘are: wanting, and of 
courfe the offa innominata; but the offa pubis are very te- 
markable in all of them. 


Fig. 5. Is a foffil vertebra of the unknown animal, whofe 
bones are fo often met with: lp St. Peter’s Mountain at Maef- 
7 tricht, 
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tricht. A, B,C, D.is the body; C, I, K, E, F. the fpinous 
proceffles; C, K, J. the medullary canal, running under 
K, E, F, in a direction parallel to IF, and coming out again 
at F. .The remaining marks of the lamellated epiphyfes I, D. 
and A, B. are evident proofs of the analogy between thefe and 
the vertebra of the cetaceous fifhes; and alfo of their want of 
refemblance to the vertebra of the crocodile, as will appear by 
comparing the firft and fecond figures with the fifth. 


Fig. 6. Is a very accurate drawing of one of the foftl 
teeth belonging to the fame mcognitum. ABC. is its pomt, 
of a lanceolated figure, whofe edges BA, and AC, are 
dentated; BC. ts the root, uneven, bony, fixed within the 
focket with D, G, F.; D, G, B, C. is covered with the gums ; 
H,-I. is an oval finuofity, in which génerally the fecondary 
teeth are generated, as is feen in tab. XVI. feprefenting 
a fragment of the upper jaw-bone ef the fame incognitum, 
A, B, C, D, E. 

The teeth in all the Phyfeteres and Delphini have folid reots, 
except in the young ones, in which they often have cavities to 
receive the blood-veffels and nerves. But the crocodile has the 
teeth intirely hollow, as appears mn 


Fig. 7. in which the cavity 1, A, @, fhews the difference 
between the crocodile’s teeth and thofe of the cetaceous and 
other fifhes. ‘Fhis tooth is the anterior one of a large head of 
a crocodile, two feet long, and of the fame fize as that in the 
Britifh Mufeum. A hollow tooth may netwithftanding be- 
long to a Phyfeter, as Dr. OrHo Fasricrus obferves in his 
Fauna Groenlandica, p. 44. when fpeaking of the Phyfeter 
microps: of which he fays, ‘* Habet in maxilla inferiori dentes 

22, 
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22, Wtrinque rr arcuatos, falciformes, satus ad apicem ufone 
caves,” within they are hollow to the very end. 


T AB. XVI. 


Fragmentum Maxille fuperioris, lateris dextri capitis Phy- 
‘feteris incogniti, ex Monte St. Petri, Traj. ad Mofam. Origo 
dentium ferotinorum ex ipfis radicibus folidis primo enatorum 
IN quinque manifefta eft. Quz ad dentitionem hanc fingularem 
\pertinent, .ex figur. 2. Tab. Fragm. fimilis fed Maxill. inf. 12 
Aug. 1784. peti.debent. 
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XXVII. Catalogue of One Thoufand new Nebule and Clufters: of 
Stars, By William.Herfchel,. LL.D. F. R..S. 


Read April 27,. 1786. 


HE following Catalogue, which.contains one thoufand | 

new Nebulz and Clufters of ftars, 1s extraéted from 2: 
feries of obfervations (or Sweeps of the heavens), which was. 
begun inthe year 1783, and which I am ftill continuing till 
the whole be completed. As.I may, perhaps, find an oppor-: 
 fainity hereafter to publifh.thefe obfervations at full length, I. 
fhall now only mention fuch circumftances, relating to the 
inftrument' and apparatus with which they were made, as will 
be neceffary. to fhew. what degree of accuracy may be expected: 
in the determination of the places of thefe Nebulz and Clufters. 
of ftars; and alfo to ferve any. aftronomer, who wifhes to: 
review: them, to form a judgment what inftrument will fuffice 
for this-purpofe.. , 

The telefcope I have ufed, as has been obferved on a former 
occafion*, is a Newtonian reflector of 20-feet focal length,. 
and 18.2, inches aperture. ‘The {weeping power has been 157, 
except where another is exprefsly mentioned. The field. of. 
view 15/ 4”. 

My eye-glafs is mounted: on that fide of an. octagon tube,. 
which, in the horizontal pofition of the inftrument, makes an: 
angle of 45° with the vertical; having found, by experience, . 
that this pofition, refembling the fituation of a reading defk, is- 


* Philofophical Tranfactions, vol. LXXIV. p. 437. 
pre-- 
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preferable to the perpendicular one commonly ufed in the 
Newtonian conftruéction. | 

In the prefent improved ftate of the apparatus this telef{copé 
will, in general, give the relative place of an object by a fingle 
obfervation true to within 1§ or 2 minutes of polar diftance, 
and 4 or 6 feconds of time in right afcenfion. But when there 
is an opportunity of repeating the obfervation, it will hardly 
differ a fingle minute in the former, and feldom fo much as 
3 or 4” in the latter. My apparatus, however, has not been 
equally perfect from the beginning; for, being from time to 
time adapted to the different views I had in {weeping, it could 
only arrive to its prefent degree of perfection by many expe- 
riments, and gradual improvements. 

To begin a fhoit hiftory of this 20-feet telefcope. In the 
month of October of the already mentioned year I began to 
ufe it, being then mounted on its prefent ftand, but with a 
lateral motion under the point of {upport of the great fpeculum, 
by which its direction could be changed about 15 degrees. Ie had 
alfo a kind of moveable gallery in front, about nine feet Jong, 
which permitted me to follow a celeftial object near 15 degrees 
more; by which means I obtained a range of 30 degrees with- 
out moving the ftand. The Newtonian form has the capital 
advantage of rendering obfervaticns equally commodious in all 
altitudes; I had therefore placed the inftrument in the meri- 
dian, that I might view the ftars in their moft favourable 
fituation. 

When I had feen moft of the objeéts I wifhed to examine, 
I proceeded to the work of a general review. of the heavens. 
The firft method that occurred was, to fuffer the telefcope to 
hang freely in the center ; then, walking backwards and for- 
wards on the moveable gallery, I drew the inftrument from 

that 
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that pofition by a handle faftened to a place near the eye-glafs, 
fo as to make it follow me, and perform a kind of very flow 
ofcillations of 12 or 14 degrees in breadth, each taking up 
generally from 4 to 5 minutes of time. At the end of each 
ofcillation I made a fhort memorandum of the objects I chanced 
to fee; and when a new nebula or clufter.of ftars came in my 
way, I made a delineation of the ftars in the field of view, 
both of the finder and of the telefcope, that it might ferve me to 
find them again. This being done, the inftrument was, by means 
of a fine motion under my hands, either lowered or raifed 
about 8 or 16 minutes, and another ofcillation was then per- 
formed like the firft. Thus I continued generally for about 
10, 20, or 30 ofcillations, according as circumftances would 
permit; and the whole of it was then called a Sweep, and as 
{uch numbered and regiftered in my journal. 

When I had completed 41 Sweeps, the difadvantages of this 
method were too evident to proceed any longer. By going 
into the light fo often as was neceflary to write down my obfer- 
vations, the eye could never return foon enough to that full 
dilatation of the iris which is abfolutely required for delicate 
obfervations. The difficulty alfo of keeping a proper memo- 
randum of the parts of the heavens which had been examined 
in fo irregular a manner, intermixed with many fhort and long 
ftops while I was writing, as well as the fatigue attending the 
motion, upon a not very convenient gallery, with a telefcope 
in my hands of no little weight, efpecially at the extremes of 
the ofcillations, where it made a confiderable arch upwards, 
were {fufficient motives to induce me to look out for another 
method of {fweeping. And it is evident,.that the places of 
nebula hitherto determined, which was till the 13th of De- 
cember, 1783, muft be liable to great inaccuracy. 1 therefore 
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began now to fweep with a vertical motion; and as this in 
ereafed the labour of continually elevating and deprefiing the 
telefcope by hand, I called in the affiftance of a workman to doe 
that part of the bufinefs, by which means I could obferve very 
commodioufly, and for a much longer time than before. 

Soon after I removed alfo the only then remaining obftacle 
to feeing well, by having recourfe to an affiftant, whofe care it 
was to write down, and at the fame time loudly to repeat after 
me, every thing I required to be written down. In this man- 
ner all the defcriptions of nebulz and other obfervataons were 
recorded ; by which I obtained the fingular advantage that the 
defcriptions were actually writing and repeating to me while I 
had the object before my eye, and could at pleafure corre& 
them, whenever they difagreed al the picture before me 
without looking from it. 

In about half a dozen fweeps, done according to this new 
way, I found that the ftars of FLamMsTrExD’s Catalogue ene 
tered nearly at the time when they were expetted; this fug- 
gefted the poffibility of converting my telefcope into 2 tranfit 
inftrument. By way of trial, Dec. 18, 1783, I began to ufe 
a watch, and noted the times of the tranfits of ftars and ne- 
bulz to the neareft minute; and, this fucceeding, Dec. 24, 
a fidereal time-piece was introduced. 

I found alfo that, by the turns of the handle which gave 
- motion to the telefcope, it was practicable, in a coarfe way, to 
afcertain the difference of altitude between any two objects 
that paffed the field of view; on which account, Dec. 30, 
J began to ufe an index-board, divided into inches, and marked 
with numbers, which, being placed behind the rope that 
moved the telefcope, would point out at what altitude a certain 
index, affixed to the rope, was fituated. My tackle of ropes and 

3 pullics 
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pullies was fuch that, while the telefcope' traverfed an arch of 
two degrees, the mark on the rope pafied qver about 24 inches of 
the index-board: but the exact meaf¢re -was always to be de- 
termined experimentally, as it. varied’ according to the fitua- 
tion of the inftrument. I perceived immediately that the 
quantity of rope ufed in the motion of the telefcope would 
be much better obferved by the affiftant, if the index were 
brought within doors near the writing defk: to effe& this, I 
ufed a fmall cord, which, being: led off from the. great one, 
was carried over a pulley into the obfervatory, fo as to pafs 
over a fet of numbers, which I now divided into fuch parts 
as, in. an equatorial fituation of the — would give 
nearly each equal to one minute. 

It would exceed the limits of this Paper to enumerate the 
various trials 1 made to bring the right afcenfion to greater per- 
fection ; fuch as caufing the tube fometimes to hang inclining 
or rubbing againft a perpendicular plane; at others, drawing 
it againft the fame by a fmall weight, faftened to a cord, 
paffing over a fide pulley, &&c. I fhall alfo pafs over the fevesal . 
changes in the form of the machine fhewing the polar diftance, 
which, for convenience fake, was foon brought to an index 
moving over a dial, in the manner of a clock. 

By way of direéting the perfon who gives, motion to the 
telefcope, a {mall machinery was added, which ftrikes a bell 
at each extreme of the breadth of the fweep, and is adjuftable 
to any required number of tums of the handle. 

In June, 1784, I introduced a fmall quadrant of altitude, 
the ufe of which became foon after of the greateft eonfequence 
in determining the value of the numbers of the polar diftance 
piece. Hitherto I had fettled this value by caufing a ftar to 
pafs vertically through the field of the finder, which was very 
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accurately limited to two degrees; but now I found, by many 
comparifons between the degree determined by the quadrant 
and by the finder, that I had generally under-rated the value of 
the numbers. Fortunately fo many ftars of FLAMSTEED’s Cata- 
logue had been taken, that the numbers between their different 
polar diftances were fufficient to recover the value of the degree ; 
but this occafioned a laborious re-calculation of the places of 
all objeéts taken in near 300 fweeps. ‘The quadrant being once 
introduced, I carried the refnements of the determination, mn 
high {weeps where the ropes acted very unequally, fo far as to 
afcertain by it feparately the value of every 20 or 30 minutes 
throughout the whole breadth of a fweep of two degrees, and 
the numbers were then accordingly caft up by fo many different 

‘tables calculated on purpofe. | 
Being ftill difappointed in many inftances, when, on a re~ 
view of a nebula whofe place I had before determined, I per- 
ceived a difference of 4 or § minutes in polar diftance, I began 
at laft intirely to new model the machinery of the polar diftance 
piece, and on Sept. 24, 1785, completed one with the follow- 
_ ing capital improvements. My former piece fhewed a fet of 
numbers whofe value differed in every fituation of the telefcope, 
and therefore required different and very extenfive tables to caft 
them up in degrees and minutes. This fhews at once both 
the degree and minute of the polar diftance of every celeftial 
obje&t, without requiring any tables to caft up numbers. In 
the next place, the confiderable inaccuracy arifing from the 
unequal tenfion of the great ropes, and their expanfion or con- 
traction by moifture or drynefs, is intirely taken away ; for 
now my index cord is contrived fo as to go off from the front 
of the telefcope itfelf, in the direction of a tangent to the arch 
it defcribes when moving; by which means this cord will even 
| ferve 
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ferve as an hygrometer to fhew the variations of the ropes that 
fufpend the telefcope. If a fhower of rain, for inftance, fhould 
fhorten them {fo as to elevate the telefcope 2, 4, or 6 minutes, 
which has happened fometimes, notwithftanding they have all 
been well faturated with oil, the index cord will immediately 
make the polar-diftance-clock fhew this effet of the rain, by 
pointing out an equal change on the dial. As to the varia- 
tions of the cord itfelf, they are in the firft place very trifling, 
fince it confifts merely of a few threads of hemp, very loofely 
twifted, well oiled, and always equally ftretched; but efpe- 
cially thefe variations are of no confequence, as they are fo 
eafily to be difcovered by the check of the quadrant of altitude 
affixed to the telefcope, or the fucceflive tranfits of known 
ftars, and may either be immediately corrected by the adjufta- 
ble hand of the polar diftance dial, or be left to be accounted 
for afterwards. 

The improvement of the right afcenfion has not been 
lefs attended to; and,the Royal Society having kindly in- 
trufted me with an excellent time-piece, I fucceeded at laft by 
means of the addition of the following apparatus. Againft the 
fide of the tube is fixed a vertical iron plate, and the point of 
fufpenfion of the telefcope is difpofed fo as to permit this 
plate to be juft in conta& with a roller which remains fixed 
during the time of a fweep. There is alfoa confiderable {pring 
applied on the oppofite fide, in fuch a manner as, by always 
exerting a, preffure nearly uniform, to caufe the iron plate to 
rub againft the fixed roller as the telefcope {weeps up and 
down. By this means I have frequently, in very ftormy wea- 
ther, obferved many hours without finding my time materially 
affected, and the corrections will feldom, in accurate obfer- 
vations, exceed a few feconds. ee 
2 To 
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To thofe who are accuftomed ‘to the accuracy of tranfi¢ 
inftruments in regular obfervatories, this telefcope, notwith- 
ftanding the above-mentioned improvements, may perhaps 
appear far from being brought to perfection; but they fhould 
recollect the fize of the inftrument as well as its extenfive ufe, 
fince I can not only follow any obje& for near a quarter of an 
hour, without difturbing the fituation of the apparatus, but 
can at pleafure, in a few minutes, turn it to any part of the 
heavens, and view a celeftial obje€& wherefoever it may chance 
to be fituated, even the zenith not excepted. 

From this account it will be underftoed, that the places of 
a few of the nebulz and clufters of ftars, determined before 
the 13th of December, 1783, may be faulty in right afcenfion 
&is far as 1’ of time, and in polar diftance to 8 or 10° of fpace. 
Afterwards the errors will be found to become gradually lefs 
confiderable till the latter end of the year 1784, when, I 
fuppofe, they will feldom exceed half that quantity. From 
that period to Sept. 24, 1785, they will diminifh, and pro- 
bably not often amount to fo much as 3 or 4’ in polar diftance, 
and 10 or 12” in right afcenfion. And now I flatter myfelf 
that all places, determined fince the laft mentioned time, will 
generally be true to a very {mall quantity ; fuch as 4 or 6” in 
right afcenfion, and 14 or 2’ in polar diftance, and often much - 
nearer. 

Some of the nebulz in that part of the heavens which, in 
a former Paper, I have called the ftratum of Coma Berenices, 
are indeed fo crowded that there was no poflibility of taking 
them all in the center of the field of view, and a fomewhat 
lefs degree of accuracy may therefore be expected; but having 
ufed myfelf by very frequent eftimations of the parts of the 
field of view to judge of their value in time as well as in fpace, 

I corrected 
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I corrected this defect at the moment of obfervation by affixing 
to the tranfits of :thefe excentric nebulz fuch proper marks of 
plus or minus in right afcenfion and polar diftance as I judged 
would bring them to a central obfervation. A fimilar method, 
well known to good aftronomers in eftimating their tenths of 
feconds by the proportional {pace over which the ftars move in 
. their meridian paflage, makes it unneceffary to expatiate on the 
degree of accuracy that long practice enables us herein to 
obtain. 

- If, however, I had been willing to delay giving this cata- 
Jopue till, by a repeated review of the heavens, the places had 
been more accurately determined, the work would undoubtedly 
have been more perfect ; but whoever confiders that it requires 
years to go through fuch obfervations will perhaps think with 
me, that it is the beft way to give them in their prefent ftate, ifit 
were but to announce the exiftence of fuch objects by way of 
inducing other aftronomers alfo to look out for them. Another 
motive for not delaying this communication is to fhew that my 
late endeavours to delineate the conftruGtion of the heavens have 
been guided by a careful infpection of them; and, probably, 
a catalogue which points out no lefs than one thoufand in- 
ftances of fuch fyftems as thofe are into which I have fhewn 
the heavens to be divided, will confiderably fupport what has 
been faid on this fubject in my two laft Papers, 

When the diuvenal motion of the earth was frft maintained, 
it could not but greatly add to the reception of this opinion 
when the telefcope expofed to our view Jupiter, Mars, and 
Wenus, revolving on their axes*; and if thefe inftances of 


® To thefe may now alfo be added Saturn, on whofe hody I have, in the year 
1780, feen feveral belts, with {pote that changed their fituation in the courfe of a 

few nights, 
the 
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the fimilar condition of other planets fupport the doétrine of 
the diurnal motion, the view of fo many fidereal fyftems, fome 
of which we may difcern to be of a moft furprifing extent and 
grandeur, will in like manner add credit to what I have pro- 
pofed with regard to the condition of our fituation within a 
fyftem of ftars: for, to the inhabitants of the nebulz of the pre- 
fent catalogue, our fidereal fyftem muft appear either as a {mall 
nebulous patch; an extended ftreak of milky light; a large 
refolvable nebula; a very compreffed clufter of minute ftars 
hardly difcernible ; or as an immenfe colleétion of large fcattered 
{tars of various fizes. And either of thefe appearances will 
take place with them according as their own fituation is more 
-or lefs remote from ours. 

In the diftribution of the nebulz and clufters of ftars into 
claffes, I have partly confidered the convenience of other ob- 
fervers: thus, in the firft clafs, the degree of brightnefs of the 
nebulz has been the leading feature, as moft likely to point 
out thofe which their feveral inftruments may give them ex- 
peétation to reach. The firft clafs, therefore, contains the 
brighteft of them; the fecond, thofe that fhine but with a feeble 
light ; and in the third are placed all the very faint ones. Be- 
fides this general divifion, I have added a fourth and a fifth 
clafs, which contain nebulz that, on different accounts, feemed 
to deferve a mote particular defcription than I had allotted to 
the three former divifions. | 

The clufters of ftars are forted by their apparent compreffion, 
in the manner of my former Catalogues of double, treble, and 
multiple ftars; fo that the clofeft and richeft clufters take up 
the firft clafs; the brighteft, largeft, and pretty much com- 
preffed ones, the fecond ; and thofe, which confift only of {cat- 


tered and lefs collected large ftars, are put into the laft. 
In 
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In every clafs the order of time when the nebule and 
‘clufters of {tars were difcovered, or firft obferved with my 20- 
feet telefcope, has been followed; and that I might defcribe all 
thefe objects in as {mall a compafs as could well be done, I 
. have ufed fingle letters to exprefs whole words, an explanation 
of which, with an example of the manner of reading thofe 
letters, is given. It fhould be obfervcd, that all eftimations of 
brightnefs and fize muft be referred to the inftrument with 
which the nebulz and clufters of ftars were feen; the clear- 
nefs and tranfparency of the atmofphere, the degree of atten- 
tion, and many more particular circumftances, fhould alfo be 
taken into confideration ; fo that probably fome of the nebulz 
which I have called very bright, and very large, may only be 
juft perceivable, as very {mall faint patches, in many of our 
beft common telefcopes. 

The Identity of each nebula in this catalogue has been well 
afcertained by a projection on a proper map, made on purpofe, 
which pointed out all other nebulz near its place, and thus 
afforded the means of a rigorous examination. When, there- 
fore, feveral nebulz are found within the limits of the accu- 
acy with which my telefcope can difcriminate them, in dif- 
ferent nights, it may be concluded, that they were feen either 
at once in the fame field of view, or otherwife in immediate 
fucceffion during the fame {weep. 

In the fame manner thefe nebulz have been compared with 
thofe that are contained in the two volumes of the Connoiffance 
-des Temps, for the years 1783 and 1784, of which none have 
been inferted in this catalogue. Jt was indeed eafy enough to 
diftinguith the nebula of that excellent collection from thofe 
of mine which in feveral places are very near them: The 
quantity of good light in my telefcope having enabled me, 

Vou, LXXVL Ppp even 
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even in bright moon-light nights, to fee occafionally fome of 
the moft feeble of the former, when the latter could not by 
any means be perceived. 

Perhaps it will not be difpleafing to thofe who may look out 
for fome of the objects contained in this catalogue, to know 
that the pictures which were given in a former Paper, repre- 
fenting the various fhapes and appearances of feveral nebula, 
have been actually taken from nature, by Drawings made of 
them while I had them in view; I have therefore added a 
reference to thefe figures, as the defcriptions of the originals 
which they reprefent occur in their order in the catalogue. 


Arrangement of the columns, and explanations of the 
abbreviations. 


The firft column contains the clafs and number of the 
nebule. 

In the fecond are the dates when the nebulae were firft 
obferved. 

The third column contains the ftar, or other object, by 
which the place has been determined. 

In the fourth column the letter p or f fhews that the nebula 
is either preceding or following the ftar. 

In the fifth is the time, in fidereal minutes and feconds, by 
how much it precedes or follows the fame ftar. 

The letter n or f, contained in the fixth column, denotes 
that the nebula is north or fouth of the determining ftar. 

In the feventh is the quantity, un degrees and minutes, by 
how much the nebula is more north or more fouth than the 
fame ftar. 

The etghth column contains the number of obfervations that 
have been made of each nebula; and it is to be noted, that 

6 the 
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the determination of the place is generally taken from the laft 
obfervation, on account of the more perfect ftate of the telefcope. 
The ninth column, or remaining f{pace, contains the de- 
{cription of the nebula, by means of fingle letters, or now 
and then a few words added to them. 
The abbreviations are to be underftood as follows. 


B. Bright. v. very. 

¥. Faint. c. confiderably. 
L. Large. p. pretty. 

S. Small. e. extremely. 


Of thefe letters I have compofed vB. cB. pB. pF. vF. eF. 
vL. pL. pS. vS. eS.; all which require no farther explanation. 


R. Round. 1. a little. 

E. Extended. I. irregularly. 
M. in the middle. g. gradually. 
b. brighter. {, fuddenly. 
m. much. 


When thefe are joined we have iR. mE. IE. bM. gbM. fbM. 
mbM. 1bM. glbM. gmbM. {mbM., and by taking in fome of 
the former letters BM. vBM. cBM.; where no other remark 
will be neceffary than that writing for inftance bM, or brighter 
in the middle, it is intended to exprefs, that a nebula, which 
is faint at the borders, is lefs fo towards the middle. And 
thefe degrees of brightnefs happening fometimes to -be fo well 
united from the moft imperceptible border to a very luminous 
center, I have, on fuch occafions, ufed the expreflion vgmbM, 
or very gradually much brighter in the middle. 

r. refolvable. m. milky. 

er. (joined) eaftly refolvable. 

iF’. (joined) of an irregular figure. 

C. Cometic, or refembling a telefcopic comet. 

Ppp2 N. 
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'N. having a Nucleus, or bright compreffed fpot. 
I, b, or d. (joined to minutes) long, broad, or diameter. 
ft. aftar. ftars. 
“ne north. north of. 
{. fouth. fouth of. | 
p- preceding. np. north preceding. fp. fouth preceding. 
f. following. nf. north following. ff. fouth following. 
betw. between. ver, 240. verified by a power of 240°. 
bran. branches. 
che. chevelure. 
mer. in the direction of the meridian. 
par. in the direction of the parallel of declination. 
up{f. in a direction from north preceding to fouth following. 
{p nf. ina direCtion from fouth preceding to north following. 
Example. I. 13. 22. 69 Leon. p. 7. §7. n. 0. 2. 3. vB. mE. 
mer. {mbM. 7 or 8’ 1. 
13th nebula of the 1ft clafs. Feb. 22, 1784. It precedes 
the 69th Leonis of FLamsteep's Catalogue 7’ 57’ in time,‘ 
and is o° 2’ more north than that ftar. 3 obfervations. Very 
bright, much extended in the direction of the meridian of the 
nebula, fuddenly much brighter in the middle 7 or 8’ in length. 
| ee ee p. 5. Ir. n. 0. 28. 3. cB. S. BN. and 2vF bran. 
32d tiebula of the firft clafs. April 13, 1784. It precedes 
the 31ft (or 1ftd) Virginis of Fi. Cat. 5’ 11” in time, and 
is o° 23’ more north than that ftar. 3 obfervations. Confi- 
derably bright, {mall, having a bright nucleus, and two very 
faint branches, 


Firft 
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Firft clafs. Bright nebulz. | 


1783 Stars. 

Dec. 14/82 (3) Ceti |f 
—}|3 Leonis p 
—/34 Sextant |p 
asl | —- |P 
30|81 Leonis jp 

1784 

Jan.19.164 Virginis | f 
23149 Leonis {f 
—{32 (27) Virg| f 
24}10 (r) Virg | f 
—| - - If 

Feb. 15|5 Coma Be. | p 
14|/6 Comz f 

22169 Leonis 
—j|29 (7) Virg 
} Mar, 11146 (1) Leo 
14|tt Comz 
15 73 ¢ (2} Leonis 
| ai _— 34" Virginie 
aes —|30 &@) Virg 
—|34 Virginis 
19[52(K) Leonis 
' Apr. .8/40 (7) Leonis 
—|34- Virginis 
12173 (2) Leonis Pp 
13/31 (1 4) Virgl p 
3" | (1d) Virg} p 
=~ )P 
1519 () Virgin | f 
—|§Q (¢) Virgint f 
17|34 Virgmis |p 
to o—- 7 = |p 


18132 (2 @) Virg] p 


Soc PHU HU UU HAO HHH VD 





M. S| |D.M./O Defcription. 
2 17)njo 8]7]| cB. cL. iF. bM. 
18 jf} 12] 5] cB. cL. vgbM.N.R. 
28 ssif }O 13] 4] cB. pL.C. mbM, 
28 27/f jo 10] 4] cB. pL. C. mbM. 
2 42/n/Q 7)2| B, pS. iR.bM. r. 
33-56]/f |o 1[ 3] vB. pL. gmbM. 
126 45if |O 40/1] vB.L.R. The place inac. 
2 sojn Jo 48] 5] cB. pL. iR. mbM. r. 
3 t./f 10 35/4| cB. E. np ff. N and 2 bran. 3’T, 
33 37,n]O 414] vB. pL.1E. gmbM. 2/1, 14’b. 
r 3orf }2 11/14] B. pL JE. bM. m. ‘ 
g 121f Jo g}2] B.pS.R.BM.r. . 
vB. mE. mer. fmbM. 7 or 8’. 
7 57,919 213 Fig. 11. Y 
O 43{n}1 23) 2] cB. cL. mE. near par 3 or 4'l 
3 23{n|O 5) 2| cB. mE. fp of. fbM, 4 or 5/1, 
10 34/0 /O 13) 2) cB. vL.1F. vgmbM. 
1§ solf |! 3215] f The2pof 3. BothvB. cL.mbM. 
16 18/f |s 29] 5 C.1l. qi. Fig. 4. 
10 30;nj|0 46} 1] vB. pL. gbM. 
8 s2}f {1 57/2] vB. mE. nearly par. 
25 31/11 49/3] vB. cL. R. gmbM. 
22 241f |O 17]2] cB. pS, 
18 {/O 19}2| B.S. mE. 
I {lo 5)2] vB pL. r. near 2 BE. 
4 {jo 40/1] B, S.io aline with 2 ft, 
3 {]}2 9}1] cB. pL. not R. mbM. 
18 {10 43] 3] vB. BNM. and 2F bran. np ff. 
One of two, at 4 or ¢’. di 
19 36j;n|1 8) 2 { B. cL. OES: 
1 off |O 30] 3] vB. cL. E par. mbM. 
17 41/0 |O 32)2) vB.cl.. IBV iF. 
8 njO 37|/1{ vB E. mbM.r. betw. 2 Bf.. 
§ 11)0/0 23/4] cB. S. BN. and 2 vF. bran. 
3 12}n}1 39/1] B. lL. mE,mbM. r, 
20 42/1 |O 34/2] vB.cL. E np ff. SBN. 
31 42}nj1 5§}1] B. vmE. vBM. g or 10’ |,. 
| Two. BothB. 
Il 24;n/0 20/1 aes 
11 36{nlo- oO} 1] B. vL. mE. mbM. 




















Stars. 


1784 





Apr. 24 
25|28 Virginis 
— (20 (x) Virgin 

May ¢]49 (g) Virgin 
21/51 (2) Ophiu 

24143 Ophiuchi 


51 (9) Virg 


June 16}1 (a2) Aquil 
17143 (d) sagit 


Dec. g/19 Eridani 
1785 
Jan. 


616 Sextantis 


Feb. 7 
§}12 Hydre 
—{8 (n) Corvi 
—|53 Virginis 
. 5|106 Virginis 
—|19 (2) Libre 
13/2 3Leonis min 
—{13 Can. vena 
13 Can, vena 


April 3)27 Urifz 





614 1Leonis min 
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Defcription. 


ATR OIC T EEEE LMETTED 





vB. vL. fmbM, rN. 

cL. vBSNM. 

B. L. iR. lbM. 

cB. L. IR, vgbM. 

bk. vBM. 5 or 6’ 1. 

cB. pL. N. 

B. R vgmbM. 

pB. cL. R. BM. r. 

B. vL. iF. er. ft vifible. 

B. L. R. gbM. er. 

B. pL. bM. r. 

cL. R. vBM. m. 

cL. R. vBM. er. 

vB, S. R. gmbM. r. 

vB. cL. mE, mbM., r. 

B. cL. R. mbM. Place inacc, 

cB. mE. mer. gbM. 4’'1. 2’b. 
Two, at 1’ diftance. Both cB. 

cL, appear like one mE, 

B. S. IE. mbM. 

S. cBM. 1E. m. 

vB. S. LE. mbM. 


vB. S. iF. 2’ nfcBt, 

cB. pL. BE. bM. 

B. R. mbM. 1’ d. 

vB. pL. IE. mbM. 

vB. pL. iR. bM. like 2 N. 
B. v8. iF. mbM. 

cB. pL, iF. mbM, 2 or 3’ d. 
cB. iR. mbM. 

cB. pL. iR. 

vB. cL. iF. vgbM. 

cB. vS. b towards f fide. 
cB, cL, E, mbM, 

vB. S. . 

cB, R. mbM. 

vB. 

cB. L. E. 

vB. L. broadly E, bM. 
vB. cL. vimbM. 

cB. pL. R, vgmbM, 

cB. S. i elliptical. 

cB, cL, m, juft p 2 ft, 
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D.M. /Ob- Defcription. 








STE ELE, 











Apr. 6]14 (4) Coma] p | 37 O 14/2] cB. pL. IE. mer. vgbM, 
—-(21(g) Coma|f | o 1 12}1] cB. pl, iR mbM. 
~ |f] 19 O 55/1) cB ik. {BM.m. 7 or 8’ d. 
10140 Comz =|f| 5 O 18] 1] cB. pL. 
11/39Leonis min] p | 13 O §9|1| cB. pL. mbM. brightnefslE, 
44Leonismin|f | 9g 1 1/1] vB. vL. gbM. 

- - If] 13 O 1/1] cB.cL.iR. mbM. 
—j14(6) Comajp]; 8 1 O 55) 1} vB. S. IE. 
— - - ip 1 §7|1| The np of 2 cB. pL R. IE. 3977, 

g! —|15 (¢) Coma] t Oo 19]1] vB. E. par. pBLN, and 2 bran. 


; ae vL. mE. np ff. 10 or 19’ 
1. 4 ft. in it. 
1 24),1] cB. pL. 


Second clafs. Faint nebule. 





1783 | ‘ .M. Defcription. 
O&. 28/41 Aquarii sf + F. cL. mE, bM. er. 


pB. S. iF. mbM. 

F, L. mE, between 2 cBf, 

pB. pS. R. mbM. C. 

pB.S.1E. bM. 

S. C, between 2 Land: Sf, 

F. pL. iR. vIbM. 

hte The firft. F. S. re 
The fecond, F. vS. r. 

F. pL. E. fp nf. bM. r. 

i. pL. nearly R. r. 

pB. cL. 1E, mbM. r. 


Dec. 13/17 (1 9) Ceti 
41 Ceti 


1784 






Jan. 18/78 (+) Leonis| f pB. pL. mbM. Fr. 
—413 (7) Virginis} f IE, not C, 
——!20 Virginis | f F. pL. pR. 


F. vS. nearly R. 
F. pl. E. followed by ITl, ox. 
F. S. 


23/56 Leonis |p 
—|g (0) Virginis| f | 
—{31 (14) Vir 


vs. 
pB. pL. b towards the p fide, 
F.vS. 
F mE. 
= ~ F. pL. 3 
=—+{78 Virginis ae Ae | ,PB. cL, nearly R. mbM. 





aE. 


D.M, |O>. Defcription. 


PS Ee 





’ 
wareneenn? meee queen | “EE qe | oe | fee - | CE 


© 45/1] pB. cL. b towards the f fide. 












. 39/31 Bootis Pp ‘Jo 213] F. pL. R. lb not M. 
} Feb, 15141 (7) Leanis| f o 18 ey = Both 
—!68 (2) Leonis| f 2 23)/1]| pB.r. 
22/29 (y) Virg |P © §5|2| pB. cL. IE. par. r. 
2.3184 (+) Leonis| p © 7/1] pB. vS. bM. 
—| — -~ |p O 20/1] pB. pL. R. bM. 
—|60 (co) Virgin} p "Tr 27\q4] F.S. 
—|16 (¢) Virgin| fF. O 15]2] pB. mbM. 
—|60 (c) Virgin] p 1 29]/3| F vb. iR.bM. 6'1 4’ b. 
—16 (c) Virgin} t 0 '40|2] pB. E. np ff. mbM. 
35 Virginis [Pp O 53/2] pB. pL. iF.r. 
: — - —- |p O 20|1] pB. contains 2 ftM. 
Mar.11]6 (4) Leonis | f © 27/3] F. pL. IbM. 
—{46 (‘) Leonis| f I 35/4] Thef of 3. F.E. 
—|78 (+) Leonis| p Oo 12]1] F.S. 
12/36 (f) Leonis| p O 40/2] pB. cL. iF. 
—/|20 Leonis f © 48] 1] I'wo. Both. F. E. IbM.r. 
—/68 (2) Leonis| p I 29/1] pB.S. r. 
—(54 Leonis |p I 49/2| pB. pL. lE.r. 3 or 4 ftin it. 
14185 (1) Geminj t © 42/1] pB. pL. lbM. contains 1 ft. 
—(§6 Leonis |p © 19]1| vgbM. r. 
oe ~ |p aioe 4 eae that M. pB. cL. R. bM. 
That tothe n. S.R. bM. UI. 27. 
—| - - |p O 5/1] pB. S.1E. bM. 
—/81 Leonis |p- 1 19/2| F. Er. | 
—|85 Leonis |p 1 29/2] F.S.R. | 
—l11 Come f O 24/1] The f. of 2. r. See Note. 
—|25 Comz |p O 1/2] pL.iR. bM. 2 or 3d. 
. Two, diftant x’ np {f. Thep. 
1515 (€) Leonis | p a0) ee IbM. r. The f pL. IbM, r. 
—| - - |f O 53/1| vS.C. ina row with 2F and 1 Bf. 
—l12 (t) Virg | p Oo 10/1] F.S. 
dan Sos Two. nearly par. The firft | 
—|34 Virginis |p 0 31/2 { pL. E. The fecond F. pL. R. 
—| = - |p © 9/2] F. pL. mE. | 
—j12 (#) Virg | f © $7) 1| F.vs. 
—| — - |f O 50/1] pB. not vS. 
—|30 (e) Virg |p O 56/1] pB. 
eon aloe - |p r 6|1] pB.vs. 
—|34 Virginis |p Oo 36/2] pB. 
30 (e) Virg |p © 4/2\ pB. pL. R. mbM. r. 
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Il. | 19784 Stars. M. S.J {D.M.jOb Defcription. 

90] Mar.15}30 (e) Virg jf | 0 45;9]t 7) 2] A nebula. 

71 -| - ~ jf] 2 clayr ofr. 

72 —1|34 Virginis |f | o 15}f JO 54/1] SIE. 

73 -| = =- If] 4 off fi 3h i] F. not vs. | 

74 {"n nearly par. The p. pB 

\ —{ = — |f£} § 30}f Jo 42/1 nearly R. The f. pB. vmE, 

75 8 or 10’ diftance. 

76 —|20 (x) Serp*]p| 3 12/f }o 42/2] pB. pL. IE. gbM.r. 

77 19]52(K).Leonis]p| 4 42// |o 27] 2] pB, pL. E. b. M. r. f. pBt. 
76 —-| - =— Ip] o 12/f Jo 27/2] ps. pL. r. 

7 —H5 Bootis jf] 18 30)f fo 15/1] FLL. R.IbM.r. gor 5’ diat 
80 21147 (#) Cancriff | 4 459] 55/1] pB. pL. E. r. 20r 3 ftinit. | 
81 —|51(m)Leonjf | 1 ish{ {it 41] 1] pB. pL. not R.r. 

82 —} —- =— Jf 8 asif ir gsi] F.s.1E. rf. pBt. 

83 —|3 Comz pj o 15}f Jo 43/1] F. pL.r. 

8 -| - — |ff412 golf jo soir] Fs. R.r. Note. 

8s } ~|l25 Come |p] 13 off jo ar] Ee aoe PE ns 

87 —| — — |ppiras]f ts 3311] s.bM.r. 

83 —}| — -— [pl] 10 45){ |o 53/1] Ss. bM.r. 

89 —|6 Come ff} rr 12{/9]0 31/2] S.bM. ©. near BH. | 

90 —la25Comez {pl 7 30/f fo 3]1] pB. bM. r. near Bit. 

91 —~| - -— [p}] 6 off fo 18/1] vs. 

92 -| - - |{P] § 30// fo 24/115. 
93 -| — -— pp} 4 off fo sii] F. vs. 

9 —-| —- -— |p} 2 off tr 35]1] F.S. 

95 —|27 Comz f 2 45 {yr 23) 1 pB. vmE. nearly mer. 

96 —|15 Serpentis}f} 1 off ft 5) 1] pB. pL. not R. bM. r. 

97 —|26 Serpentis] f ] 2 30/9]0 35/1] pF. 5. r. p. 2 pBf. 

98 2.3/8 Leonis fi 35 45/910 20/2] F.cL.iR, mbM. 4 or 5’ dia’ 
99] April 8i52 (K) Leo |f£ | 0 42]! jo 12/1] pB. S. 

100 an — Jf] 1g 30ojnjo 42/1] F. pS. r. 

101} —| — o {f{14 off Jo 20/1] pB. S. mbM. 

102 —|70 (9) Leonis| f | 0 48} jo 38] 1] F. pS. R. 1bM. r. 

103 —|94 (8) Leonis}p| 9 12/9{0 47/1] F.S. E.r. 2 er 3 ft vifiblein it. 
10 —| - = Jp] 3 18)f jo 48)2] pB. S.R.r. pLrN. 

105 —|34 Virginis [P| 35 6)" 41 17/2] pB. pL. R. vgmbM, r. 

106 —| — — [P| 33 18)9]1 28] 2] F. pL. 

107 —|6 Come Pp} o 24/f jr off} pL. 

108 —| = - Ip] o Off |r 2}i} mE.r 

10 ee -~ If} o agif tr 54}zj r. 

110 —| = — Jf] graiijo 3fry s.r. 

111 -( Two, about 2’ diftant. The 
112 } os aes ee be es { firtR.r. Thead, Er. 
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1784 Stars. M. S.t [D.M.|0b. Defcription. 
spares ihe reed It pee eee 
April 816 Come IO S4injo git] E.r. 
— 134 Virginis © S4jn [ce 28/2] F. rc. 
Two, 
—{6 Come 14 offs art euhee 
ss = 14 241f JO sail] ¢, 
~ ~ 1§ 301f Jo 28} 1} S. Note, ~ 
- -- 18 S4{n jo 35] 1] pL. r. 
- = IQ Of jo asi] Lie, 


27 S40 [t 2171] Two, BothpF.S.bM. 


116 24 nfo 29| 2 fer two p. of 3. Both F. & 


= TO Rg yg myo APRA HH Hg mh 





bM. Note. 
= 7 4 18[n{t 26/2] not vE. Sr, 
—-j| - — 3 Ofn]l 11/2) pB.L. Er. 
= - 2 30;n 01 39/1] F. vS. R.ibM. vr. 
—f - = © 42;0 71 §4/37 L. R. bM.r. 
~—141 Virginis 19 O;njO 11/1] F, pL. IbM. R. r. 
—|20 (x) Serp a2 30;n/O 12/1] F aot S. iF. r. 
13 oy Leonis 3 48/1 jO 26/1] pB. vL. nearly R. IDM, 
—|5 («) Virgin 4 48)0/0 7/1] pL. E.-pBM. r. 
—{) (0) Virginis 7 46/1 | 41/2] not vF. S. E, mer, 
—|tl (s) Virgio 4 24;f {0 off] F, mE, 
-f- - 5 §44n{o 38) 1] S. E. pBM. 
—-f| - ~ 6 gofn}1 39}1] F. S. iF.r, 
—{9 (0) Virginis 12 32)f }2 2/2] F.pL.r. 
— [11 (s) Virgin ‘9 Ofn fo 20] 3] F. pope 
wo. T is t rgef, 
“| - = fF] a zqato oft, cau & the bere 
Three nebule, The laft is the 
ane tat tty f 13 18 njo 18 3 { largeft. 
— 31 (14) Vir T7 9FN 10 42/21 F. pL. the largeft of 2. 
—|60 (c) Virg 50 28/0 Jo 30] 2} vF. S. E. 
—[38 (14) Virg 4 Gf 10 3411] F. pL. 
-—| - = 7 364f jo 20} 1] pB. pL. mE. r. 
-| - = 0 18fn Jo 31/1] not F. R, vgbM, 
—-[ - _ © 9F9 [O §3/4|. F. pL. iF. r. 
—|24 (a) Serp' Ep | 73 gafn]41 rolrt F, pL, nearly R. er. 
— {12 Herculis 4 18/f (Oo 26/1] not ¥F. pL, iR. bM, re 
15178 (+) Leoni f | 4 a4hf |r ita] F. m&. 7. 
PUR sel al oe See ee 
—/20 Virginis 6 6/f jo 40] 1s] F, pL. IE. Ib, towards Pp» fide. 
-— --— = 4 36) Q 26 I F, pL. LE, r. 


i, 
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1784 D.M./Ob Defcription. 
157 se §|20 Virginis |p {}t 29) 1) F. pL. mE. bM. r.. 
me d) Virg| p Sin {it 51} 3] pT. pL. neacly R. r. 
17 f] © 36} JO 24/1] pB. S. bM. almof ftellar, 
=~ ~ If O70 |}O 45) 1] cL. R. vgoM. 
- fi § 36/0 j0 53] 1]! F. not S. R. bM. 
—13q Virginis {|p| §1.54;2/0 ©} 2] not vF, pL. iR. ib, towards f, fide. 
- P{ 33 Onjr 13) 1] ps. 
~ P| 32 48{0 {0 3311] pS. vmE. 
~ P|] 32 30/042 13,1] F. vmE. 
- P| 27 36)9 {0 53) 1| pB. v5. 
~~ pj} 2O 30;9]0 40; 1]. S. 
_ P| 19 42/0/10 qo9/ 1] F. % 
Three nebulz. 
ao Piig 6[n 10 20/1 { The two fir vS, 
| The third os 
= Pp] 37 48a]: 26}1 
_ pj} 12 gojnjr git pF. L. 
_ P} 3 48/f jo 37) 1] F. 
- fi 3 gf ]t 42] 1] pF. not & lbM, r. 
= P tlo 2 | { Two, very clofe. Both S. fel- 
7 lar, The {. is largef. 
22\15 (a) Virg | f {jx 18 3| pB. L. iR. er. 
—|29 (y) Virg f { |o 58 }| pF. pL. E. r. 
-| - — jf fit Saiz] pF. pL. E. x. 
~ Pp njo 26} 3] not F. L. IE. lbM. r. 
-| - P n{O 10/1] F. S. iF. near pBit, 
25|28 Virgins |f |} 12 O6[n]o g1{1] pF. cL. Rr. 
oan == f n 10 37 JI pF. pL. fe 
wo fj 22 sqinjQ 57/3] F. cL. E.r, 
—~172 (14) Virgi p {jo 18) 1{ pB. R..vimbM. gear Bit. 
—|26 (x) Virg if {/Q 6/2] F. pL. iB. 1bM. rc. 

May 9149 (g) Virg.ip| 4 6|f|0 46/1] pF. pS. R. r. near fome Sf. 
—|18 Libre {if | 10 36/f |o 16/2] pB. pL. IB. mer. nearly. 
14}100.(A) Virgip} 59 30)010 48}2| The moft n. of 3.-pB. vS. bM. 
19/12 (4) Boatissf {| 7 g21f [9 2/2] F. pL. R. mbM. 
21|39 Ophiuch!| p} 12 gqinj|1 g2\2] pB. cL. iR. IbM.r. 

22154 Hydrew fp! 6 g2/f |: 2/1] pB.S. nearly BR. bM.r, 
—151 (¢) Ophiu) f 3§ 30)f jt 13/1] pB. pL. ik, r. 
24 f{ 18 42if lo 4/13] pF. aot L. crookedly E. er, 
199] June 16164 ()) Ophiujf | 2 48) n/0 48/1.) pB. pL. RB. gbM. r. 
24|10 (y) Sagitt'|pi sz 6lalo aala| F. pS.-r. unequally B. 
Qq432 H. 
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F. pL. (bM. r. 


Defcription. 


De rn a 


A retolvable nebulous patch of f. 
pB. pL. ik. bM. 
pB. S. ftellar. not verified. 
pB. cL. iE, bM. 
F. S. crookedly E. r. 
cL. R. gmbM. er. 
F. cL. R. vgbM. ff. ft. 
F. pL. iR. equally B. r. 
F, pL. unequally B. uear pB. 
F. pL. JE. bM. n. 2 ft. 
pB. pL. IE. mbM. r. f. 2 Fit. 
F. pL ER. IbM. 
F. E, p. Bf. 
Three, mer. Nearly equal in 
{ fize. All. F. vS. R. propor- 
tion of dift. f ton. 2 to I. 
F. 
Two. The p. F. v5. 
{ The f. pL. 
F, pL. mE. r, 1}/ f. 
F, pL. mE, r. 14’ 1. 
pB. pS R. 
pBt.cL. R. UR, | *;Teeeeh fi And 
F. vS. R. 


F. pL. bM. elliptical. 
F, cL. mE, r. 


{ Two. Both F. pS. iR. 


F. pL. R. bM. r. 

F.pL E. par. contains a ftell.or ft. 
F. S.R. or large fteflar. 
{ Two. The p. pB. IE. nearly mer. 
The f, F. E, nearly par. 1’$ 1. 
F. pL. broadly E. 

pB. pL. iR. mbM. 

F. E. mer. 2’ 1. 

p. mE, near par. mbM. 4’1 1b 
The rift of 2. pB. pS. r. 

pF. pL. iR. er. 

ps. C. 

F. S. iR, Rearete Pk ee 3 ft. 
F. S. iR. 


Il. 
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1784 | Stars. M. S| |D.M.jOb. Defcription. 
244| Od. 1454 (a) Pegafilf | 30 48injo 6/2] F.S, IE. : 
—(58 Pifcium |p| 3 36/n|2 16/4) pB. pL. R, 1bM. 
=o Arietis jf | 4 S41 lo 49/1] F. pL. E. gor 5’ f. cf. 
15113 Pegai |{f | 10 ofn jo 28/1] pB. R. bM. 1’ d. 
—|54 («) Pegafiip| 38 On [0 59/2} F. pS. aquartile with 3 Si. 
~_ -~ |p! 3 36/n/1 11/2] F. pS. Ef. pB. 
47 Pifciym |p| 67 12/f jo 37/1] F. IE. p. vBf. 
16|54.(«) Pegafilp| 4 36/0 jo 44,1] pB. cL. Er. 
102 (x) Pife|}p| 12 48)n|/O 45/3] F. pL. oval. IbM. p. pBf. 
in - |f{| 5 s4in|{t 30/1] pB. pL. E. bM.r. 
—(38 Arietis jf { 8 g8injo 34/1) F.S.iR.r. 
18\82 Pegai «|p| 8 21/f Jo 11/2] pB. pS.R. gbM.r. 
— 77 Pegai |{f]| 4 of jo 25/1) F.R. gbM. 
—{34 Pifcium |f] 12 6/f Jo 39/2] F. pL. iR. mbM. 
2015 Eridani |p| 8 S4in]i 54/3] F. vL. lbM. R. 7 or 8’ d. 
Nov. 16143(y) Cancri}p| 20 §8i/n|1 2/1] F.S. iF. 
—|4 (a) Leonis|f | 3 22)/f |1 16/1] F. pS. IE. 
1712 Pegafi fl 2 if jo 46/1] F. iR. lefs than 1’ d. 
—(27 Eridani |p| if §1}f {1 go} 1} F. land ik. above 1’ d. 
—| — -— |p] 9 28/f 1x 15) 1] not vF. bM. 1’3.d. 
—(47 (2) Cancrij p | 67 42|/n|2 20/1/ F. S. 
2014 (1x) Can'|p| 19 20;n|1 28/1) pF. pS. iF. IE. bM. 
—li5(s) Nav [f} 25 33/n|1 25/1] F. E.bM.r. 13 d. 
Dec. 9/27 Eridani [|p| © 1jnjo qgoj1| F. vS. R. IbM. 
8 («) Crateris| p | 63 16)f [O 16/1] F. S. R. SB point M. C. 
—j10 Crateris |f | 4 26/n/1 22/1] p8. pL. 1E mbM. 
131106 (») Pife |f | rx 56/f |r xs) 1| pB. 5. iR. mbM. 
Two, very clofe. nearly par. 
- sean (ull ata el ered the f. {malleft and ai . 
—/86 (y) Ceti |p| o rain |r 4g}t] F.S. ik, 
—'9g2 (a) Ceti |p| 3 54/f [O 47/1) F. vS.iker. 
2032 (27) Hydif | 9g 55/1 32) 2] pB. cL. iR. 
—|10 (7) Virginjp}| 6 58injo 5/3] F. pL. R. 1bM. 
— - - ip| gs 14f jo 1/3; F.S. 
1785 
Jan. 6/75 Ceti p| 1 38/f jo 5/1] pB.S E. 
35 Eridani jf} 2 55!f jo 38/2] F. mB. vibM. about q’ J. ; 
—14 Hydre {jf | § {no 21/1] F.vS. lit. ver. 240, 
28 (A) Hydrip| 29 27/nj1 40/2] F. vs. B. 
10l41 Ceti f | 17 28/n jo 20/2} p3. cL. IE. mbM, 
—| - ~ {f | 21 26'n jo 10,2] pB.S. mbM. 
—'80 Ceti fl 3 34/f jo 19/1] F. mE. about 3° land 3’ b. 
—s (0) Ceti |f | 74 Soln[1 2/2] pB. EB. fp nf. about 141, 
~ = Ip] 4 34/ffo gli F. pL. R. IbM.f of, 





il, 















1785 Stars, M. 8.) |D.M.|/Ob Defcriptian. 
Jan. 27]17 Eridani [|p] to 24/f |] 12/2] F. vS. IE, er. unequally B. 
. Q8jar Eridani |p] 1 §5;2/0 35/3] F. pL. iR. r. 
31/7 (x) Lepor |f | 2 32) 0/0 st) 0} F. pL i triangular F. r. 
290] Feb. 1/89 (w) Ceti |£ | 49 17) 2/0 21/3] F. pL. R, IbM. f pLa@. 
—|20 (7) Erid |p} 3 S9f|t 25/3] pF. mE. mer. 3or4’ | and 1’b, 
415 (#) Lepor}p] © 5010/0 29/1] pB. iR. mbM, ip, pett. 
716(34)Craterip-| §2 51) njo 33 1] pB. S.iR, bM, 
—|3: Crateris |p| 6 45/0/90 1] F.S. Er. 
_ ~ [Pp] 1 48inir 18/s] F. vS. iF. bM, 
~ - |P] oO 12/0}0 24/1] pB. pL. 
—|89 Virginis |p| tt 47) n}O 18] 1] pF. L. mbM. 
818 (») Corvi {f | 18 gqin[t stit ae p. is a S ful 
~~1§3 Virginis |p| 12 gojnjo 48/3] pB. pL. mbM, 
- - |p] tr ojn|2 8/2] pF.el. 
~ ~~ {Pl 3 8njO 34/1] pB. pL. iR. mbM, 
28/2(1#)Cancri}p| 3 s/f {1 40|1] pF. vS. bM. er, 
—j1g(a)Cancri|p} 2 22/f fo 35/1] F.S,mbM. r. 
Mar. 411 Monoc |f | 30 5§3/f |O 37/3] Some St with pB nebulofity. 
§|20 Sextantis|p}] 7 t4jn{O qgj2] F. S. IE. er. 
(88 Virginis }f | © g2jf lo 2gja] F.vS.iF. r, 
—| - — Tf] 3 §8injo 43,1] F. cL. iF. bM. 
—|82 (m) Virg|f |] t2 28jn{' 6/2] F.S.iR. IbM. 
( Two, nearly mer.dift. g’ Sit.betw. 
} —i99 (+) Virg [P| 12 guf jo tet l ha. kouch: sae mbM, 
10/6 (34)Crate|p| 68 ggif {sx 18/2] cB. S. mbM. 
—I45 (vy) Hydrif) og gijnj2 o}n] F.L.iR. vgbM, 
—| ~ =- Jf} 10 s3inir 16/1] pB. IE. par. b towards f. fide. 
—| - ~~ {FL 37 S7ialt gsir] F.S. iF. bM. 
11123 (29) Canjf | 0 agif|1t o ob seca ear are 
Q. ° e : e i 
12 64 (15) on Pp 4 v6 n/3 7 T | is e er ia ae 
—|22 (19) Can}f | 8 38injo 36/1} F. pL, 16. mbM. r. 
—(48 (15) Cancip| 9g rolf]O 5|1]-F.S.bM.r. 
13/2 3Leonis min} p| 32 38) n|/t 50) 4-) F. pS. R, IbM. 
w-|k3 Can.ven.i py] §1 33/110 50/2] pB. L. ghbM. ae 
The two firft o in @ line. 
oa (Ra 3 ce 0 ad { of unequal fize ait brightest 
—j| = = Ip} 38 gin/O 37/7] FS. 
—| ~ =~ |p] 26 gs|f]o 30/3] F. pL, E. bM. 
wm} m= Om Tp] rg sf jo 4i14] F. mE. mer, 
wi = = If] Ig 43/f o 38it F. pS, 
= 2, f£ | 23 43/0)0 38) 1 -pB. pS. nearly R, mbM, 
3 oe I. 
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Mar. 1 3149 (2) Bootis 


6|4.4Leonis min 


—|21 (g) Come 


—/31 Come 
10/36 (7) Leonis 


ed 
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Defcription. 








pF.S.R.r. n. 2 pBf. 

pB. pL. R. bM. 

F. pS er. 

pB. cL. b towards p. fide. 

eee Nearly mer. Mof n. pB, 
pS. bM. Moff, F. S. bM. 

pF. cL. iE. 

pB. yS. ik. 

pF. ps. bM, 

F. cL. iR. gvlbM. 

pF. pS. iF. 

F, vS. ftellar. fhort ray p. fide, 

F. ftellar. 

F. pL. 

not L. 

F, pL. IE, 

jut f. pBit. 

F. pL. iF. 

pB. S. bM. r, 

F. S. IE. 

F. pL, i triangular F, 

F. S. 

F. S. 

F. ps. 

pB. cL. iF. bM. 

F. vS. 

pF. L. broadly E, 

pB. S. 

F, S. iF. IbM. 

F. pL. 

pB. pS. nearly R. bM. 

F. pL. iF. 

FE, 


pF. pL. IE. b towards ff. fide. 
F. mE. 1’f 1. but.y, narrow. 
pF. pL. 

F. vs. 

pF. bM, 

F, pL. E. b towards f. fide, 
pB. cL. mb towards nf. fide. 
One of three, F.iF. 


a oon oe oe eS ee eS ee ee ee ee) 
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Defcription. 


EE yan eee 


{ One of 4. The moft n. of the 
p. fide of a oaliae F. S. 





F, L.bM. 
F.S. 
F. ps. 
pF. S. almoft R. bM. 
About 6’ ff I. go. pB. S. the 
| place is that of the np. 


Two. The time taken between 
{ them. 

F, 

F 


Three. The 2 f. p near each 
other, The fp. about 8’ ditt. 
The time is that of the 2. 


oN 


pF. pL. iR. bM. r. 
F. pL. er. 
pF. ph. vIbM. r. we 3 Sit. 


¢ 


Third clafs.. Very faint nebulz. 





Wl.4 1783 M. S.{ [D.M. |0b. Defcription. 














1] Nov. 3/36 (v) Orion} f | 3 39in{1 57 vF.S.mE,. In the L. neb. 

2| Dec. 21160 Ceti fj 13 s|n] . eF. vS. R.IbM. 

3 3019S (°) Leonis} f | 4 15)n/o 36 vF, vS, LE. r, 
8 

4 

5 


y= WD 


1794 | 
Jan. 18/6 (4) Leonis}f} 6 4if lo 9/3] eF. vS. iE. fp. a triangle of Bf. 
—(47 (¢) Leonis] f | 10 ofp jo gj t| eF.eS. viewed alfo with 240. 
59 (e) Virginl p28 1] vS. " 
iil. 


m OO 
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1784 Stars. D.M.|0b Defcriptioa. 
iiinceie ey (eeemmemmretemeeeeel emma! Cemmemmmcmmmed Menem Co ee me Mn 
7| Jan. 2313 (6) Can. mi O 19] 1! Stellar. 240 left fome doubt. 
—13 Leonis O 28] 3] E. er. 3 of the ft. vifible. 
— 132 (24) Vir O 25|2) Two. Both vF, and vS. 
— 131 Bootis oe | vF. ftellar. 
_ _ O 34 vF. forming an arch with 3 &. 


I 
I 
I} eF. not verified. 
I 










30/31 Bootis o 9 eF. vL, not verified. 
Two. The p. vF. L. 5 or 6’ 
Spe (2) Leon ee dia, The f. eF. S, Fe 5. 
23/16 (c) Virgin O 47/11 vF. pS. r. 
—-{| - ~ O 38/1] vF. cL. r. 
19] Mar. £1]2 («) Can. m o 28) 1 fae rere iia nebule 
—|53 (/) Leonis O 26/1] vF. r. 
— 173 (2) Leonis I 11) 2] vF.S. C. ver. 240. 
—1]53 (2) Leonis O 31; 1] vF. vS. with 240 cL. 
—173 (2) Leonis 1 56/2) vF. vS. IE. ver. 240. 
12/20 Leonis I 19/1] vS. 240 left fome doubt. 
—| = - O Of) vF.S. 
—|20 Coma" O 37|1| eF. L. left doubtful. 
14/86 Leonis O 22/1} The moft f. of 3.vF.vS.II. 50.91. 
—| - ~ 1 1r0/1/ vF.L.r. 
—j| — - O 34/11 vF. eS. ftellar. ver. 240. 
—| - - O 40/1) vE, pS. f, 2 vBt. 
—i11 Comz O 10/1] eF, forms a triangle with 2 S&. 
—|8 (2) Bootis Oo 56/1] vS, ornebulous double ft.ver.240. 
—15(r) Herculis I 30} 1) eF. pL. partly ver. 240. 
1515 (&) Leonis O 10) 1] eF. vS. completely ver. 240. 
=e tears 015/3|{ sakes 
—|12 (t) Virgin O 40|1| eF. vS. with 240. cL, 
—-} - _ O 20}1]| vF, vS. 
—{| - _ O 16/1] vF. near fome Bf. | 
—}30 (¢) Virg O 31/1] eF. pL. eafily ovarlooked. 
—| - = I 14/11] vF., 
=|) i= ~ § 23) 1| vF. 
—|34 Virginis © 4|2| vF. pL. IE. contains two &,. 
-| - - O 25|2| Thep, of 2.vF.S, Note. 
Resa Two, miftaken for one; but 240 
=e vee © 12/1) 1  thewed them both, cL. vF. 
—132 Bootis {O 47,1] vF. ©. 2 or g ftinit. 
~| ~ _ O 27|1| eF. 
19|62(1 0) Can, I 5/21 F.cS. IE, np ff, like 2 joined. 


Vex. LXXVI. Rrer Til. 
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D.M. |0b. ' Defeription, 





1} eF. ver. 240. and cL. R. 
Two, op. ff. 6 or 7’ dift. Both 

eF, pis the largett. 

eF. S.1E.r. 3 or 4 ftin it. 

eF. cl. R. r. no N. 

vF. vS. iR. r. fome ft, in it. 

eF. vS. E, r. 

eF. 8. ver 240. 

eF. S. ver 240 and lE. 

eF, S. ver 240. 

vF. S. with 240 near Sit. 

eF.240 thewed 5 Sit with nebulof, 

{ Two. nearly mer. Boch vF. pS. 
R. IbM. r, with 240 cL. 

eF. 240 thewed fome Sit with neb. 

vS. E, r. better with 240 

vF. S. E. r. the fame with 240 

vF. nebul. betw. 2 &. 2’l. ver. 240 

2 vSft with fufp. neb. 240 doubef. 

vF. S. 

vF. not S. 

{3 Sft with fufpe&. nebul. 240 
left fome doubt. 

eF.vS. ver 240 and cL. 

eF. vS; eafily ver. 240. 

vF. S. ver. 240 











— mw oo ot ft oo WD 


21 47 (2) Cancri 


— ht om ot iP ot let 


8/70 (8) Leonis] p eF, not S. 
a a — |{f eF. pL, eafily ver. 240. 
—|94 (8) Leonis| f eF. pL. R. r. 
—/6 Come vF. r. by moon-light. 


eF. not L. IE. r. 

vF.vS. R. bM. ftellar. ver. 240 
vF. vS.R. ftellar, © 

vF.S. Er, 

vF, S. iF. r. 

eF. vS, ftellar. ver. 240. 
{te The two p. vF. §. R. 


—{41 Virginis 


oe oe oe > ee 


Lo} 


The laft vF. pL. R. Place 
of the 2d not taken, 

eF. no time to ver. 

eF. a little doubtful. 

vF. vS, vIbM. 

The f. of 2. eF. I. 17, 





— {63 (x) Leon | f 
— (3 (») Virginis| f 
—{II (s) Virg | f 


a ee ee | 
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_ Defcription. ; 
emerson Sesdieaa, 

Two. One vF. vS. The other 
a aie juft by. eF. eS. left doubtful. 












—/31 (1 2) Virg]| P 

_ — {p 
—|32 (27) Virg : 
ele en 
1§|2 (1£) Virgin P 
—h4 (2) Virgin} Pp 
—/31 (td) Virg} P 
33 Virginis f 


May 9/67 («) Virg | f 


—(31 (#) Libre | p 


11|100 (a) Virg] P 
A - JP 
— -~ If 






oe] 
Ov ONO 


wn fp 
Com WM GW AS a DN Om = On 
~inGg rm bf & ww 
Cc cfr Onn AD TO WN 


< 





tm 60) oe 


‘Gaia All. eF. vS. R. Inthe 
2d obfervation two of then 
L were overlooked. 
The f{malleft of 2. eF. II. 144. 
eF. eS. The place not accurate. 
eF, S. | 
eF. EB. 
eF. pL. R. er. The ft almoft vifible 
eF. pL. 
vF, r. ; 
vF, vS. left doubtful. Twilight. 
eF. vL. lbM. 
vF, pL. vibM. r. 
eF. pL. a little doubtful. Twil. 
eF. eS. r. 
{8 or 10’ fp. I. 161. vS. ftellar. 
not ver. 
vF. vS. IE. ver. 240. 


vF. vS. r. ver. 240. 


eF.cL. R. r. mear vBft. > light. 
eF. eS. with 240. 2vSft and nebu. 
{ 2 vSit with nebulofity with 240 
left doubrful, 
vS. vF. ftellar. ver. 240. 
vF. cL. nearly R. 1m. 
The two moft {, of 3. That M. 
{ vF. vS. The moft {. eF. eS. 
ver. 240. Il. 193. 
eF. vS. ftellar. ver. 240. 
eF. pL. iR, lb towards f. fide. 
Two np ff. The f. eF. 1’ d. 
{ nearly R. The p. vF. vS. R. 
dift, 5’. 
vF. pL. R. IbM. 
vF. ftellar. ver. 240. 
vF.S.iR. IbM. almot ftellar. 
ae with fufpeéted nebul. al- 
moft ver. 240- 


eee 3’ dift. par. The f. vF. 
vS, iR, The p, eF. v5. ver. 240. 


«ih 


——— 





\ 
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2 (a) Trang 


24 (8) Hercu 
July 12/16 (¥) Capri 


nm UD OU ™'U oe US nag > hmmnmy VU 


aa) 


A> PH Hm Hh Hh IY VU mh 





0 OO am me OOm me OnmOOOO 


Nv 








Defeription. 
foes about 6’ dif. Both eF, 
vS. R. ver. 240. 
vF. E. clofe to a ft. contains 2 f. 
eF. S. 1E. the fame with 240. 
cF. cL. IR. IbM. 
vF. pL. E. par. r. 
eF. vS. ftellar. ver. 240. 
‘eat S. E. nearly par. with 240 
like two ftel. 
vF. not S. iE. 
ee nearly par. 7’ dift. Both 
vF. not vS. R. . 
vF. vS, r. ver. 240. np. pBft. . 
vF, cL. IE. IbM. 240. fame. 
vF. E. about 2/1. 
3 vSt with fufpected nebulofity. 
Some eSft. with neb. iE. ver. 240. 
vF. IE, ftellar. 
vF. EB. fome Sit. with nebulofity. 
2, or 3 ft. with feeming nebulofity. 
vF, pL. lbM, 
eF. vS. R. . 
Near V. 18. vF. SR. bM. 
vF, vS. flellar. betw. vL. and S& 
vF. pS. of equal light. 
vF. pL. IE. vib.towards f fide. 
ee Both eF, vS. 
The f is the largeft. 
. Three forming a rec. triangle. 
{ In the legs eF. vS. at the 
rectangle vF. pL. 
Two, Both eF. S, but une- 
‘qual. 
vF, S. ik, re 


} Two, Both vF. pS. R. IbM. 


eF, v8. 240 left a doubt. 
{ sor 6 ft. forming a parallielogr. 
with mixed nebul. ver. 240. 


| eF vS.E.nf.&4or 5'dik, froml.§ 3, 


Two, Both fellar, 


ftel] are 
ftellar.. 








\ 
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—117 (7) Perfei 
15/6 (8) Arietis 
18140 Pegafi 


—|s9 Pifcrum 
—|g2 Pifcium 


—{8 (») Ajietis 


so RRND oO WU HNO ST OH OH HOU NSU OU DU UO NO DO OH nto OOO 


I 
2 
2 
2 
I. 
I 
z 
I 
I 
I 
I 
I 
I 
a 





= 


SR ¢ EE ELD 
e 


= om i oo fe mm ele oe Net ett 


Defcription. 





ftellar. 

Two. Both v6.. ftellar. a little 
doubtful. 

ftellar. ver. 240. 
ftellar. 

eF. ftellar. 240 left fome doubt. 
vF. cL. iR. r. 2 or 3’ d. 

vF. pL.R. SB place M. 

vF. pL. IE. 

eF. vS. R. n. cLit. 

vF. vS. R. ver. 240.. 

4 or 5 Sit. with nebul. 240 doubt.. 
eF. S. iE. 

eF, vS. ftellar. ver. 240. 

vF. E. er. 3 Fft, vifible in it. 

eF, vS. 

eF. flellar. ver. 2409 andcL. 

eF. ftellar. juft like 187. 

eF. 

vF. vS. 

vF. mE, 

eF. S. ver. 240. with difficulty. 
eF. ver, 240. with difficulty, 
eF.e5. 

eF. eS. ver. 240, 

ee Both eF, ver. 240 but 

juft fufpected with 157. 

cB. mE. vgmbM. near 4’ 1. 

The f of 2. vF. iF. pS. II. 239.. 
2 Si with nebulofity ver. 240. 
vF. vS.. BE, f. pef 

eF. vS. ftellar. ver. 240. 

vF..cL. E.. 2’ 1. 

vF. S. fp..2 vSt. 

eF.ver. 240.difcovered in gaging.- 
eF. S. 

eF, vS.. ftellar.. plainly. ver. 2400 
eF. vS&. iR, jut f. pBf.. 

vF. S.R. 

‘T'wo. The p. vF. S. IE.. 
The a vF. vS. {tellar.. : 
eF, eS. ver. 240. completely. 

{ though with difficulty. 

eF. cL. ver. 249. betw. 2 BH.. 


Ii. 






Stars. M. Sj |D.M./Ob}' Defcription. 


am» ED | Gutineenaie | aimee 





O&, 16/31 Arietis |p| 36 48 





n|I 24/1 | vF; ftellar. ver. 240. 








~ -» |p| 36 a O- 6/1 / eF. ftellar. difcovered by 240. ° 
3.15'-|0 37 Two. The p. vF.-pS R. vibM. 
18146 (&) Pegafilf | 2 42 {5 22) 3 { The f. vF. pS. R. vibM. 
—|s8 (n) Pegafiif | 13 Stinjo 4/1| eF. pS, IE. | 
19/15 Delphini |p| § 24/n/0 2/1] eF.vS. ftellar. ver. 240. with dif, 
—|66 Pegafi {|p| 10 10/n jo 23/4| F.R. bM.1’Z d. 
~_ —- |Ppi 7 ro'n|I Of} 2] vF.S, 
—- =— {Pj 7 7)92/0 §4\2] vF.S.R. ,; 
aol7 (b) Ceti |f | 23 r2ifjr 1/4] vF. 1E, or oval. 1’ d. ap. 2 pBt. 
—{1 (Ir), Erid|p| 21 42/f j2 11/2] vF.S.iR, 
--|¥5 (8) Lepor|f | 6 24/0 |0 49/1] eF. E. r. near 1’ I. ver. 240. 
21170 (q) Pegafilp| 1 solf jo 18] 2| vF.vS. ftellar ver. 240. 
Nov. 7|64 Ceti p| 2 24/f |o 37/1] 20r3Sf. with neb., nearly ver.240 
Two about 1’ dift. The p. eF. 
— 173 (2€) Ceti] f | 12 S4injo m7) 1 { vS. ver. 240. The f. eF. eS.. 
240. doubtf. 
12155 (J) Pegafijp| 3 36/f jo 29/1] eF. eS. 240 left fome doubt. 
—|31(1¢) Pifc}|p| 9g oO}f|1 o]1] Two. Both vf. ftellar. 
—| - - |p| 8 a7jf |r ofa] eF. pL. glbM. 
16/43 (y) Canc|p] 11 24.9/1 6/1/ vF. ftellar. 
5 ae - {P| 3 a0) 0 2 4/1] eF. S. ver. 240. 
—|4 (a) Leonis |p| 23 22/f |r 37/1] eF. LE. betw. 2 pBft. ver. 240. 
17|33 Pegai | f | 12 §4;/9/0 46/1] eF. vS., 
—|66 Pegai |p| 6 6/2/1 10/1] eF. eS. ver. 240. with difficulty. 
—|4 Eridani |p| 32 26/f |r 1/12] vF.S. 1! dia. or more. 
20|)12 Leporis |p| 7 55 {Jo 59/1] vF. vS. ftellar. 
—| - —- |f 3 39,2 (0 23]11| eF. vS. IE. par. 
—|15 (1) Nav |f | 68 16/0/10 §3/1] vF.IE.S.1'd. 
Dec. 2/56 Pegafi |p} g 16/9]J0 42/1] vF.S. er. 
9/48 Ceti P| 48 34/0 |0 27/1] eF.vS.E. 
—|15 Eridani |p| 15 49/f jo 27/1] vF. cL. iE. r. unequally B. 
—|ig Eridani |p| 1 38| N/O 50/2) vF. E. equally B. 
on ee - if] 6 s|! I 4/1] eF. vS. 
—|27 Eridani |pj} 4 23,.%|1 7/1| vF. vS.1E, 
—| = - |p 2°19) 1 18) 1] vF. vS. 
ba ‘2 25, ¢ |O 14|.|f Two. nearly par. 4 or ¢’ dift. 
1389 (f) Pifci | f me aS eamale | Both vF. v8. R. nose 
fl 3 42-n]1 38 vF, pL. iR. IbM. 
fl 6 eF¥.cL. E, 





I 

I 
P| 14 34/911 52/2) vF. E.npff. 5/1. 2’ b. 
—|7 Sextantis |f | 20 a7 O 42/1] vF. vS. p. triangle of Bf. 
2013 (%)Can.milf | 26 §if'o 48/11 vF. vS, ver. 240. 


TH, 
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ED, 








Dec. 20/13 (ZiCan.mil f | 44 59)f |O 55) 1| eF. pL. iF. 
—j10(.)Virgin}p| § 2/f|o 7/2) vF.S. E. 


aie 6 f F. eS. iF 
an, o Ceti p 34 eF. eS. iF. 
J nit i = 10! n eF. vS. ftellar. 
vF. cL. 


eF. ver. 240 with difficulty. 

eF. ftellar, or IE. almoft ver. 240. 

vF. vS. R. ver. 240. 

eF, ftellar. ver. 240. 

vF. 1E, ver. 240. 

vF. pS. iE. bM. 

eF. v8, ftellar. ver. 240. eafily. 

eF, vS. ftellar. ver. 240. eafily. 

vF. eS. ftellar. ver 240 difficulty, 

3 or 4 Sit with neb. vF. ver. 240, 

vF. pS. iF. vibM. 

eF. vS. iF. 

vF. pL, iF. | 

vF. vS. bM. ¥'f, Sit. 

vF. vS. ftellar. 240. the fame. 

Hae 3 org’ dift. The moft n. vF. 
S. The f. vF. vS. Both ftell. 

eF. pL, better with 157 than 240. 

{2 p. IL. 298. eF. eS. ftell. 240. 

doubtful. 


—i94 Ceti Pp 
—j24 Eridani |p 
—(28 (A) Hydri p 48) 0 
10145 (6) Ceti | f | 32 28)1 

- fi gr 6f 

Feb. 4/14 (0) ae fj o nf 
6\11 (a) Lepor| p}| 27 51}f 
—j19 Leporis |p| 32 23/9 


10 
P| 7 

—i7§ Ceti p| 3 46/f 
| 
3 
26 







—|31 Crateris |p} 4 40/f 
Sir2 Hydra |f | 20 3o0/f 
—|38 (x) Hyd |p| g 20/f 


oe ee ee ee ee ee ee ee ee ee ee ee ee | 
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f 
a ae - |F} 20 38/njo I| vF. pS. r. 
—(53 Virginis |f | 7 1ajn}t 1} vF. mE. {f np. v narrow. 
17141 (#) Bootis|p| 27 54,8 |0 1} vF. vs. 
Mar. 5/25 (/) Virg|p| 54 12lf |0 1} vF, S. iE. IbM. 
88 Virginis |f | 8 4g5jn|t 1| eF. vS, 
—(99 () Virg |p| 9 22/n |O 1} vF. L. b towards n. 
— -—- = {pi 7 58 f jo 1] vF. pS. iF. 
6lis (1) Navis|f | rx 16}f |x 9] 4] vF. cL, er. fome of the ff. vif 
1016 (34) Crat|p} 69 14/f jo 2} F. vS, large ftellar. 1bM. 
2 (1) Corvi |p| 16 1/n{2 I} eF. pL. broadly E. néarly pare 
uii7g Cancri {|p} 2 53/f |t 1| vF. pL. R. bM. 
12146 Cancri |p| 11 46/f |x 14).21 vF. pL. R. IbM. 1 
—|23 Leonis |p| 17 46/f |o I eF. eS. ver. 240. 
13157 (2+4)Cance}/p}| 2 44/00 1| vF. vS, R. bM. large” ftellar. 
72(t)Cancif]}] § 47/1 |O 1| vF. vS. R. of. 2pBit. 
- -— jf} 8 gajn{1 1) vF. S.R.1bM. © 
15(f) Leon p| 13 8/1 jo 1} eF. eS. 240 left a doubt. 
18Leonismin! p | go §6\f jo 21 vF.vS. iR. IbM. 


3 | | aL. 
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Defcription. 





eF, 

The moft f of 3. vF. UL, 322. 323. 

vF.vS R. 

eF. vS. 

oF. vS. ver. 240. 

eF. vS. ver. 240. 

vF. vS. IE. 

Two. The p. vF. vS. The f. 
7 or 8’ of the firft. vF. vS. 

vF, S. 

eF. vS. 

vF. vS. iF. 

vF. S. iR. between 2 pSft. 

eF. vS, LE. 2 vSft in it. 

vF. v5. lE. 

eF, vS. IE. er. 

eF. vS. ver. 240. 

eF. pS mE. r. 

vF. vS. 

vF. pL. r. 

eF, not verified, 

vF. vS. ftellar. 

vF. ps. 

vF. ftellar. 

Two. The fp. vF. IE. The nf. 

eF, § or 6’ dift. 

eF. vS. 

eF. vS. ver. 240, difcoveged in 
gaging. 

vF. ps. 

F. S. 

vF. S. 

vF. ps. vibM. iR. 

vF. vS. vIbM. 

vF. 1’n. St. 

VF, vS, ver. 240. 

vF, S. 

Two. 2 or 3 diftant. Both vF, 

vS. the mof f. fainteft. 

vF.S. 

vF. vS. 240, the fame. 


1] vF. vS. 240. the fame. 


(vF. vS. pL. two ftellar. fuf- 
{ pected near it. 
TH. 


Vor 
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15 (c) Come 
41 Come 
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Defcription. 








vF. v5. ver. 240. eafily. 
vF, v5. IE. 
vF, v5. 240. the fame. 
f Two. § or 6’ ditant. BotheF. | 
lL vS. ver 240. 
eF. pL. IE. ver. 240 
vFL.IE S. 
eF, IE. a little doubtful. 
feF. 240 thewed a tew Sik, with 
L_ neb. but doubrf. 
VF. 5. 
{ Two. Both vF. vS. the sat {, 
is the fainteft. 
eF. 240 left it doubrful. 
vF. vS, difcovered in gaging.: 
vF.S. pmE. 
Two of 3. the place is that of II. 
{ 371. Both vF, mE, A 4th 
iufpected, 
Three of aquartile. The place 
{ is that of Ll. 372. All vF. 
vs. and all within 3’. 
vF. vL. 
eF. cL. 4 or § I. 2’ b. 


vF. pL. 

vF. mE. 1$'l. r. difcov. gaging. 
eF. vS. 240 lefta little doubr, 
vF.S. mE. nearly mer. 

vF. S.R. ver. 240 eafily. 
vF.cL. moon-hght. 

vF. juft no. Sit, 

eF. pL. r. 

VF. vS. Fi 

eF, Vo. 


IV. 
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‘Fourth clafs, _ Planetary nebule. 


Stars with burs, with milky chevelure, with fhort rays, remarkable 
fhapes, &c. 











13(")Aquasil| p 











Defcription. 





§ 24)n|O 2/13) vB. nearly R. planetary not well 





defined difk. 


cB, fan-fhaped. about 2’ | from 
the center. Fig. 7. 


pB. m. like a ft. with an eleén- 
cal brufh. Fig 8. 

eF. S. like an ft. with a vF. 
bruth fp. 240 fhews the ft. 

A pBft. with a m. ray f. par. 
1g or 20’ lL, Fig. 6. 

F.L.C. A central B. point with 
eF. m. chev. 

F. pL. m. between 2 Bft. like an 
electrical bruth to the moft n. 
but is not conneed. R. 

A double Nebula. The che. run 
into each other. clofe, not vF. 

A peft. with a vF. bruth of. with 
240 2 vSft. vifible in it, but 
not conneéted. 

pB. R. p. well defined planetary . 
ditk. 30 or 40” d. 

F. L. iR., inclining to m. 3 or 4 
d. like a brufh to a op. ft. but 
probably unconneéed. 

( pF, exaétly R. of equal light. the 


Ledges p. well def. 1/d. See note. 


vF. of equal light. r. 1’ d. im 
the midi of numberlefs ft. of 
the milky way. 

A. Ff. with S. chev. and 2 burs. 

pB. perfectly R. pretty well de- 
fined. 3’ d. r. 

A Sf. with a vF. nebulous brafh 
14 or 2’ 1, difcovered with 


240. 
WW. 
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D.M. OH Defcription. 







Stars. M. S. 
O&. 6/14 Androm. | p % fijn|3 16] 4] B.R. a planetary p. well defined 
difk. 16/’ dia’ with a7 feet 
reflector, 





19 161g Monoc. jp| 7 6{f JO ro] ft] A ft. of the g magnitude, with 
m. chev. i elliptical. | 
20 ~ —- |p|] 3 42/2 |0 3/1] Aft.ofthe 11 or 12 mag. affected 
like the foregoing, but vF. 
21} Nov.20/12 Leporis jp| 8 48/o0/0 24/1] vS. ftellar. vBN. and vF. chev. 
not quire central. 
22) Dec. gj7 (€) Navis |f | 3 tojf|1 28/2) L. pB. R. er. 6 or 7’ dv a faint 


red colour vifible. A ft. 8 mag. 
not far from the center, but 
not connected, 2d ub. 9 or 10’ de 


chev. iF. 

16 1619/0 49] 2] VB. perfeétly R. or vi. elliptical. 
planetary but ill defined ditk. 
ad obf. r. on the borders, and 
is probably a very comprefied 
clufter of ftars at an immenfe 
diftance. 

Beautiful, brilliant, planetary ditk 
ill defined, but uniformly B. the 
light of the colour of Jupiter. 
40°’ d. ad obf, near 1’ d. by 
eftimation. 

© 47] 1] pB. L. opening with a branch, or 

two nebulez very faintly joined. 
The f. is {malleft. 
29 Sig (v) Crateris} f | 3 36)n/0 16/1] A Sf. with an eF. brufh p. per- 
ceived in gaging. ver, 240. 


1785 
23, Jan. 6175 Ceti p| 4 40)f 10 6/1] cB. a vBN. with a chev. of 3 or 
; 4 d. 
24 50 (Q Orio |f | © sy}f jo 17] 0] A Bit. with m. chev. 5’ 1. 4’ b. 
25 31/19 Navis p| 67 I 15/t] A peft. with vF, and vS. m, 
f 


26] Feb. 1/34 (7) Erid 


27 7\6(36)Crater p| 28 ggin|1 25 


» 


28 —|31 Crateris |f | x 








Fifth clafs. Very large nebulz. 


- Defcription. 





1] OG. 30!18(+)Pif.aut.| f [128 47] 0|1 39] 6] cB. mE, fp nf. mbM. Above 50’l. 
_ and 7 or 8’b. C, H. See note. 


af Jan. 24{10(r) Virgin f | o4 46) \O 17] 4) cB.mE.np ff. mbM. er.g or 10'L 
with a branch towards the np. 
Sf{fa | V. 











1784 Stars. M, S. 
Jan. 24/75 Leonis |f |104 off 
Feb. 2317 (6) Virgin|f} 8 1g/f 
Mar.1qj11 Come [ff] o agin 
. 4 (r) Bootis|p] oO 45/1 
Apr. 8/52(K)Leonis}p{| 3 ojn 
—|73 (sjLeonisif | 4 34{n 
May 22/51 (¢) Ophiuj f | 32 48) f 
July rails (4) Sagitt'}f} 2 gajn 
- = Jf] 4 sqin 
Sept. 5'52 (4) Cygnilf | 11 24|n 
7; = - If | o ojn 
11/28 Androm. |p| rr rain 
—/|2 («) Triang}p| 18 4$/p 
O&. §135 (») Andr |p} g 11/0 
6/26 (8) Perfeilp | 45 11/8 
: 2017 (4) Ceti [Ff | 33° gif 
1785 | 
| Jan, 31/18 aad f] 22 18/0 
"Feb. 7/61 Virginis | f} 10° so) 0 
Apr. 3/27 Urfx f | rz 18jn 
6/21 (g) Come! f 





Defcription. 


SE I TEI 








éF. vL. er. R. 9 or 8’ d 

vF. R. 5 or 6’ d, 

L. E. r. 6 or 7’ 1, 

vL. eF. r, 

vL, F. r. almoft R. 

B. E. almoft par. but 1. np ff. 
near 15’ I. 

L, E. broad. m. F. 

Three nebula, faintly joined, form 
atriangle. In the middle isa 
double it.vF.and of great extent. 

Extenlive m neb. divided into 2 
parts. the moft n. above 16’. 
The moft f. followed by itars. 

Branching nebulofity, extending 
in R.A. near 1} deg. and in 
P.D. §2’. The f. part divides 
into feveral ftreams uniting 
again towards the f. 

Extended; paffes thro’ & Cygni. 
By the Newtonian view above 
1 degree |. By the Frost-view 
near 2 deg.1. Seenote. 

eF. 5 or 6’ d 

m. nebulofity. not: lefs than £ 
deg. broad. perhaps 2 degree 
long, but not determined. 

vB. mE. 30’ 1. 12. b. C. H. 

cB. mE. above 19/1. 3’ b.a black 
divifion 3 or 4’ 1. M. 

A ftreak of light, nearly mer. 
26’ 1. 3 or 4’ b. pB. 

A broad E sebuloney, forms @ 
parallelogram with a ray fouth- 
wards; the parall. 8’1. b. vF. 

mE, ff np. 5 or 6’ I. 

L. F. IE. r. 6 or 7” 1. ore b. 


-A ducid ray 20'1. or more. 3 or 


4’ b. np ff. vBM. a beautiful 
pearance, 


SN I eppearance 


‘Sixth clafs. 


Additional \ | 
, abbreviations 


Very comprefied and rich clufters of ftars. 


Cl. Clufter. 
eo {c. ftattered, 


com. compreffed. 


co, coarfely, 


. 
+ @© oe ; - 7 
AS . 2 4 £ ‘ r : ‘ s a 
° = eo . 
a ‘ 
. ‘é a i) ‘ a 


‘ 


7 V1. 








VI.| 1783 Sters. 


Geemaccen 


Lm 


"1c 


11 


32) ° 


3 
14 
15 


16 
17 


18 
i§ 





" July arig Vulpec 
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Defcription. 














A beautiful Cl. of many L. and 

J ‘com. S, ft. abeut 12’ d. 
Av.com. Cl. of eSit. iF. 5 or 

or 4’ d. 

1 A Cl. of v.com, and eS. ft. E. 

A Cl. of v. com. S. ft. 

A Cl. of v. com. S. 7 or 8’ d. 

A Cl. of ft. of various fizes 
pm. com. M. p. rich. 

AneF. Cl. of eS. ft. with r neb. 8 
or 10’ d.ver. 240. beyond doubt. 

Av.com Cl, of ft. 8 or g/ d. 
e rich. iR. or IE. 

A Cl. of eS. and com. ft. 6 or 7’ 
d.many of the ft. vilible, the rett 
fo S. as to appear nebulous. 

A v. com. and cL. Cl. of the 
{malleft ftars imaginable. all of 
a dufky red colour. the next 
ftep to an er. neb. 

A fine ‘miniature of the 19 ne- 
‘bula of the Connoifl. des 
Temps (which is a Cl. of v. 
com. ft. much aecumulated 
M. 40r § d. all the ft. red.) 
2or2‘id. the ft. F. red. 

Another miniature Cl. like the 
preceding, but rather coarfer. 

A Cl, of S. and p. com ft. of fe- 
‘ verul mag. §ar 6’d, not v. rich. 
A Cl. of eS. and vy. com. ft, a pa- 

| . ralielogram of 4’ 1. 2’ b. mer. 

A fulpeéted Cl. of vFit. of confi- 

a fiderable extent. not ver. 

Aug. 181 2(y)Sagittr] pp] 4 x8}! | AvS. Cl ofcom. ih. _.. 
Nov. 16/42 (1) Gem] P| 54 49 29 A v. rich Cl. of v, com, and eSft. 
) mM ‘| gorg’d. Aminiature of the 35 

.Cl. of the Conn, des T. which © 

it precedes 1’ 18” and is 2’ n, 

11 Menoeer4 f 27-15/f Av. com. and rich Cl. of vSf, 

- if. 8 org’ d. 

A'beautiful L. Cl. of the moft mi- 
inute and moft com. ft. of dif- 
ferent fizes. 6 or 7’ d. ik. F. 
red colour. ~ 


Dec. 30/18 (7) Gemi 

1784 

Jan. 24/12 Monocer 
—~l4 Sextantis: 

Feb. 11/31 (22) Gem 

Mar. 8|67 Genin 





14'42 Come 






Apr. 25126 (y) Virg 


May 17{1 8 Bootts 


—13g Ophiuehi | 


24143 Ophiuchi |’ 


June 24}10 (y)'Gagitt 


VIZ 
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Seventh clafs. Pretty much compreffed clufters of large. or 
{mall ftars. | 


M. s. D.M. Ob. 


ey pe ee ed 


Ir of |i 30 




















Defcriptidn. 

A Ci, of L. feat, & 10 or 12" in 
extent, with a vacancy M. 

| A beautiful Cl. of fe. ft. chiefly 
of 2 forts. the firft L. the fe- 
cond arranged in winding lines. 
contains the 12th Monoc, 

A S. Cl. of com. ft. fome pL. 

A Cl. of pL. and p. com. ft. c. 
rich, 20 of 25/ d. iR. 

A Cl. of com. ft. of various mag. 
p. rich in Sf. not R. 

A p. rich and com. Cl. of ft. 

Ac, rich, but p. co. fc. Cl. of &. 
1. more com. M. 

‘A v. rich Cl, of pS. fc. ft. moft 
of the fame fize. 20’ d. 

AL. Cl, of p. com, ft, mof of 
one fize. 

A vL. Cl. of fe. ft. c. rich and 
com. more than 19° d. 

Ac. rich Cl. of co. fc. ft. above 
20’ d, | 

A beautiful Cl. of p. com. ft. 
near 4 deg. d.C. H. 

A Cl. of {c. Sf. not v. rich above 
1g/ d. 

A Cl. of co. fe. ft. 20’ d. 

A S. Cl. of p, com. ft. not v. rich. 

A Cl. of fe. ft. c. rich. 20’ d. 

A v. beautiful Cl. of pL. ft. v. 

rich. contains the 30 Canis. 











IFT 8 17)2]0 23 


p| 72 30,6 |o 30 
f} 3 6;9)8 10 





23|13 Monocer|p| 3 15// jo 28 


fj} 3 55/f |2 
fi} 15 54\f lo 













May 24|3 (p) Sagitt' 
July 19/41 (i) Cygnilf | § 42 {l2 1 
19|12 Velpecu |p| © §2jO 30 


Fl § 56," \o 40 





Nov. 20/7 (&) Navis 
1785 
Jan. 31/19 Navis 














p| 9 400)0 5 


















Feb. 4/6 Navis 


P| 3! ai I 25 





6/2 (8) Canis |p} 7 10 
818 (4) Canisif | 3°17 
fj} 1 22,0 )1 52 
fj 1x 56,n/6 16 
fi 6 a6init 1 


Clea 


nid 206 
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memes, | oma qlee sees, 


Dec. 3/14 Navis pi 4 oOjn o 40 21 A 





Cl. of co. fc, ft. The place is 
that of the moft com. part 
which is not M. 

S. Cl. of vS. fe. ft. 

no E. Cl, of L, fee ft. 


Vil. 


26158 (a) Orion} p | 8 28 
—'13 Monocer|f t 1 


> 
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Defcription. 











ean 

A Cl. of co, andi. fe. pLft. 

Double and attended by more 
than 30 cLft. | 

A Cl. of co. fe. ft, not rich. 

A Cl. of L. and S.-fe. ft. net rich. 

A Cl. of cL, v. co. fc. ft. perhaps 
a projecting point of the m way. 

A Cl. of vim. fc. ft. of various 
magnit. near ¥ deg. not rich.. 

A Cl. of vy, co. fe, ft. not rich. 

A Cl. of fc. ft. 

ACI. of v. co. fe. ft. 

A Cl, of co. fc. ft. not rich.. 

A Cl. of fe. pLit. 

A Cl. of co, fe. ft. 

A Cl. of notv. com. ft. clofeft M.. 
it may be called (if the expref- 
fion be allowed) a forming,Cl... 
or one that feems to be gathering. 

A Cl. of many L., fe. ft. 

A S. forming Cl. of ft. 

A Cl. of co. fe. L. ft. not rich. 

A Cl. of co, fc. ft. not rich. 

A Cl. of cL. co. fe. ft. 

A Cl. of co, fe. ft. 

A Cl. of ca. fe. ft. 

A. SCI. of pL. white tt. 

The 10 Monoc.. furrounded by 
by many Bf... ' 

A Cl. of ft. of various magnit.. 
not ¥. rich. bor 7’ d. 
AS. Cl. of fc. ft. not rich, nor v.. 

com. 

A Cl. of pL. fe. ft.. not rich. 

A Cl. ofa few co. fe. L. ft. 

A vL. Cl..of many co. fe. L. ft. 


a cS U a ~ Ta ©] 


Lear he © Mie © Mile © Mle Wen: lens) 


Sept. 


vsraeng RO hg UD 





mm omD os. SO 





1785 
Jan. 6)19 Mongcer 
10126 Monocer 


AL, Cl. of fc. ft. notv. rich. 

A Cl. of co. fe. ft. of many: 
magn. p..rich. above 15/ d. 

A Cl. of fc. L. ft. 

An extenfive Cl. of fc. ft. 

A Cl. of pL. fc. ft. p. rich. about. 
20’ |..crooked fig. : 


3 Vii. 


co '0'S uw UO 
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quem | CigpEmibimiiepeitey 








36) Jan. 31/19 Navis 


p| 43 20inj1 Oj1]| A forming Cl. of co. fc. ft. 20 
or 30’ dia. 

37| Feb. 416 Navis pj 16 47\0 |x 43/2] AS. Cl of p. com, ft. of various 
: fizes. not v, rich. 

38 —|2 Navis p| 8 ssin jo 10)2{ ACI. of p. com. L. and S. ft. 

R. above 15‘ d. 

39| Mar. 4it1 Monocer|f | 23 36/0 |O 3/3] An extenfive Cl. of fc. ft. of 

: various fizes. 
4° 11147 Geminor |p| 4 2/n [o 18]1]| Cluftering L. fc. f&. many of 
equal fize. 


Notes to fome Nebule and Clufters of Stars. 


{. 7. This remarkable appearance being no longer in the place it has been 
obferved, we muft look upon it as a very confiderable telefeopic comet. It was 
vifible in the finder and refembled one of the bright nebule of the Connoiflance 
des Temps fo much, that I took it for one of them till I came to fettle its place ; 
but this not being done till a month or two after the obfervation, the oppor- 
tunity of yurfuing and inveftigating its track was loft. 

I. 13.. The figures referred to, in the defcription of this and fome other 
nebulz, may be found in the Philofophical Tranfactions, vol, LXXIV. tab. XVH. 
P» 450. 

I, 28. The numbers annexed to fome of the-nebule refer to the clafs and 
number of the preceding Catalogue: thus, II. 41. denotes that the 41ft in the 
fecond clafs is the third nebula, following the two here defcribed. 

I. 28. Near the 84. and 86, neb. of the Connoiffance des Temps. 

II. 6. This has probably been a telefcopic comet, as I have not been able to 
find it again, notwithftanding the affiftance of a drawing which reprefents the 
telefcopic ftars in its neighbourhood. 

II. 55. The preceding is the 85 of the Connoiffance des Temps. 

II. 84 6 or 8’ following the 100 of the Connoiffance des Temps. 

II. 118. Juft following the 88, of the Connoiffance des Temps. 

IJ. 123. 124. The third is the 87th of the Connoiffance des Temps. 

Ill. 44. The following is the 6oth of the Connoiffance des Temps. ° 

IV. 13. Before the value of the degree was more ftrictly afcertained, the two 
obfervations were thus: . 


' 
21I 
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21 Velpeculz lf ie +4 | 1° 61’ 

39 (4) Cygni 86 flr 35 
which, if there be no error in the place of the ftars in FLamstzen’s Catalogue, 
differ about 14’ in polar diftance, for which reafon in the fecond Paper on the 
Conftruction of the Heavens this nebula was put down twice, whereas it now 
appears, that both obfervations belong to the fame. ‘ 

~V. 1. This nebula was difcovered Sept. 23, 1783, by my fifter CaroLine 

HERSCHEL, with an excellent {mall Newtonian Sweeper of 27 inches focal length, 
and a power of 30. I have therefore marked it with the initial letters,'C. H. of 
her name. See alfo V. 19. difcovered Aug, 27, 1783, and VIL. 13. difcovered Feb. 
a6, 1783. . 

V. The Frost-view is a method of ufing the reflecting telefcope different from 
the Newtonian, Gregorian, and Caffagrain forms. It confifts in looking with the 
eye glafs, placed a little out of the axis, directly in at the front, without the 
interpofition of a {mall f{peculum; and has the capital advantage of giving us 
almoft double the light of the former conftructions. In the year 1776 I tried 
it for the firft time with a.10 feet reflector, and in 1784 again with a 20 feet 
one; but the fuccefs not immediately anfwering my expectations, it was too 
haftily laid afide. By a more careful repetition of the fame experiment I find 
now, that feveral other confiderable advantages, added to the brilliant light before 
mentioned, make it fo valuable a conftruction that a judicious obferver may avail 
himfelf of it at leaft in all cafes where light is more particularly wanted; and 
from the experience of 30 fweeps, which I have already made with it, I may 
venture to announce it to be a very convenient and pleafant, as well as ufefyl, 
way of obferving. With regard to the pofition of objects, it differs from other 
conftructions, by inverting the north and fouth, but not the preceding and 


fo] lowing. ; ' 


Errata of the Catalogue. 


The following nebulz fhould ftand thus. 

















Ie 54-1 35 (v) Andr. | f | 18 36/f]1 26 pB.S.R.vgbM. 
II, 1.) 41 Aquari Il 45 O17 F. cL. mE. bM. er, 
iI. 239. In the defcxipeiod read The ad of two, 


PA Vee 
eS 
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XXVIII. Dnvefigation of the Caufe of that Indiftintinefs of 
Vifion which bas been aferibed to the fmallne/s of the Opti 
Pencil. By William Herfchel, LL.D. F.R.S. 


Read June 22, 1786. 


OON after my &rft effays of ofing high powers with the 
Newtonian telefcope, 1 began to doubt whether an opinion 
which has been entertained by feveral emment authors, ‘* that 
‘ vifion will grow indiftine, when the optic pencils are lefs 
‘¢ than the goth or soth part of an inch,” would hold good in 
all cafes. ‘To judge according to fo rigid a criterten, I per- 
ceived that I was not intitled to fee diftin@ly with a power 
much more than about 320, in a 7-feet telefcope which bore 
an aperture of 6,4 inches; whereas in many expertments on 
double ftars 1 found myfelf very well pleafed with magnifiers 
that far exceeded fuch narrow limits. This induced me, as it 
were, by way of apology to myfelf, for feeing well where I 
ought to have feen lefs diftin@ly, to make a few experiments 
on the fubjeft of the diameter of optic pencils. It occurred to 
me, that an opinion which limits them to any given fize can- 
not be fupported by theory, which does not determine on fub- 
jects of this nature, but muft be decided, like many other 
phyfical queftions relating to matters of fact, by careful expe- . 
riments made upon the fubje€&t. The way, therefore, to come 
at truth, in a cafe which feemed to me of confiderable im- 
portance, lay ftilk open to me, as it had done to former ob- 
: i fervers ; 


Dr. Herscuer’s Experiments, &e. $or 
fervers; and I thought myfelf authorifed, according to a Care 
tefian maxim (Dedia etiam pro falfis habenda}, to fuppofe, - for 
2 while, the fize of optic pencils, requifite for diftinct vifton,. 
intirely undecided. 

The firft opportunity I had of making the propofed experi- 
ments was in the year 1778, and the refult of them proved fo 
_decifive that I have never fince re{umed the fubje&t ; and had it 
not been for. a late. convesfation with fome of my highly 
efteemed and learned friends, I might probably have left the 
papers, on which thefe experiments were: secorded, among the 
reft of thofe that are laid afide when they have afforded me the 
information I want. But a goubt feemmg ftith to be enter. 
tained oa the fubje& of the fnmallnefs of the optic pencils, 
may now be. proper for me to.communicate thefe experiments, 
that it may appear how far the conclufions I have drawn from 
them are warranted by the faés on which 3 fuppofe them to 
seft. | 


Experiments with the naked eye, 


Exp. 1. Through a very thin plate of brafs I made a minute 
hole with the fine point of a needle; its magnified diameter, 
very accurately meafured under a double microfcope, I found 
to be ,465 of an inch, while under the fame apparatus a line 
of ,o5 in length gave a magnified image of 3,545 inches. 
Hence I concluded, that the reat diameter of the perforation 
was about the 152d part of an inch. Through this fmalf 
opening, held clofe to the eye, F could very diftinétly read any 
printed letters on which I made the trial. Proper allowance 
muft be made for the very inconvenient fituation of the eye, 
which by the unufual clofenefs to the paper cannot be expected 

Ttt2 to 
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to fee-with its common facility. Befides, the continual mo- 
tion of the letters, which is required on account of the fmall- 
nefs of the ii e view, muft needs take up a confiderable 
time. 

Exp. 2. In fome other pieces of brafs I made fmaller holes; 
and among many, that were meafured with the fame accuracy 
as in the former experiment, I found one whofe magnified dia- — 
meter was ,29: hence the real diameter could not exceed the 
244th part of an inch. Through this opening I could alfo 
read the fame letters; but the difficulty of managing fo as not 

to intercept all the incident light, as well as the very uneafy 
- fituation of the eye, were fufficient reafons for not carrying the 
intended experiments any further under this form. Befides, I 
fhould hardly have allowed them to be fair, if, on a further 
contraction of the hole in the brafs plate, an indiftinétnefs had 
come on; as we might well have fufpected at leaft two other 
caufes, befides the f{mallnefs of the pencils, to contribute to 
fuch an imperfection ; viz. want of light, and a defle@tion of it 
on the contracted edges af the hole. 


Microfeopic Experiments. 


Exp. 3. I had now recourfe to a double microfcope, confift- 
ing, for fimplicity’s fake, of only two lenfes. The focal 
length of the eye-glafs, carefully afcertained by an objeé half 
a mile off, being ,9; the diftance of the objeét-glafs from the 
eye-glafs 9,36; and the aperture of the object-glafs ,o405. 
Hence we compute that the diameter of the optic pencil, when 
it entered the eye, could not exceed the 232d part of an inch ; 
yet with this conftru€tion I faw very ne every object I 
placed under the microfcope. 

Exp. 





on the Diameter of Optic Pencils, yo}: 


Exp. 4. I reduced the aperture of the object-glafs to ,o1 3 5: 
hence the pencil was found to be the 724th part of an inch; 
and yet I faw with this conftruétion very diftin@ly every object 
that was placed under the magnifier. 


Exp. 5. I made a fecond reduction of the aperture of the - 
obje&t-glafs, fo that now it was no more than ,o052; and” 
therefore the optic pencil Jefs than the 180oth part of an inch ;: 
and yet I could very well count the briftles on the edge of the- 


wing of a fly, and diftinguith their length and thicknefs. 


Exp. 6. Changing the conftruction of the microfcope, I: 
now reduced the pencils by an increafe of power. Solar focus . 
of the eye-glafs ,52; diftance between the object-glafs and’: 
eye-glafs 7,6; aperture the fame as in the third experiment. . 
This gave me a pencil of the 336th part of an inch, with. 


which I faw very diftin&ly. 


Exp. 7. Applying now the reduced aperture of the fourth - 
experiment, I had a pencil of the 1139th part of an inch, with. 


which I faw very well. 


Exp. 8. I changed the eye lens for another of ,171 focal : 
length; the obje&-glafs and diftance between the two lenfes... 
remaining as in the two laft experiments; aperture ,o2. This. 
gave a pencil of the 2173d part of an inch, with which I: 
could count, or rather fucceffively fee, the briftles before-men--- 
tioned very well; the field, on account of the great power,. 


not taking in more than two large and a {mall one at a time. 


Exp. 9. I was now convinced, that we may fee diftin@ly.- 
with pencils incomparably lefs than the goth or 5oth part of an-: 


inch; and indeed fo far from expecting any obftrution to 


diftin& vifion from the fmallnefs of the pencils, it appeared | 
to me now as if their fize might in future be intirely left out-: 


of the account. Witha view, however, of feeing what cther« 
caufe.: 








Z 
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eaufe might bring on that indiftinGnefs which had been afcribed 
to the foaalinefs of the optic pencils, I continued thefe expe- 
ruments with a variation in the apparatus, and ufed now aa 
object lens of a different focal length; the aperture and other 
particulars being asin the 4th experiment. By this conftruc- 
tion, which gave mea pencil of the 724th part of an inch, I 
equid fee abje&ts very well; but thoigh they appeared diftinaly, 
they were nat fo fharp on the edges as ome wauld with to fee 
them.. This being compared -with the 4th experiment, it ap- 
peared that, with equal pencils, unequal degrees of diftinétnefs 
may take place; and a_pretty ftriking circumftance, which ferved 
to lead me in the following experiments, was, that the {mallet 
power gave me the leaft diftin& image; notwithftanding, from 
former trials, the gaodnefs of the lenfes I employed could not 
be doubted. , 
Exp. so. On an examination of circumftances it oceurred to 
me, as indeed I had already befare furmifed, that a certain 
proportion of aperture might be neceffary to a given focal 
length of an object-lens or {peculum ; and that a failure in this 
point might probably bring on that indiftinétnefs which had 
been afcribed to the {mallnefs af the pencils. In orden, there- 
fore, to.put this toa trial, I ufed now an object-lena of 1,25 
focal length, with an aperture confined to ,o1; the reft of the 
apparatus being as m the 3d, 4th, and sth experiments. The 
pencil in this cafe was about the rooodth part of an inch 3 
and though by a different conftruction I had already feen very 
well. with a pencil of not half that diameter, I found this to 
give me, as now I had reafon ta expect, a very indiftin@ 
pidtuse, fa much fo imdeed, that it could hardly. be called a 
ceprefentation ef the object. 
. Exp. 





on the Diameter of Optic Pencils. Cy 
Exp. 11. Increafing the aperture of the obje@-lens to ,o124, 
' [hada pencil of the 758th part of an inch, but could fee no 
better with it. 

Exp. 12. Proceeding in the track now pointed out to me, I ad- 
mitted an aperture of ,o17, which gave a pencil of the 5soth 
part of an inch, but could fee not much better with it than 
before. 

Exp. 13. On a farther mcreafe of the aperture to ,o231, 
and a pencil of the 406th part of an inch, I faw a little better ; 
but ftill had not diftinétnefs enough even to fee the briftles 
before-mentioned at all. Hence we may conclude, that, im 
fuch conftruétions as the prefent one, the aperture of the objeét- 
glafs muft bear a confiderable proportion to its focal l€ngth; 
fince the 54th part (for ,0231 : 1,25 :: 1 54) is here not 
nearly fufficient. 

Exp. 14. To the fame apparatus I applied a higher power, 
by an exchange of the eye-glafs; but the indiftmétnefs re- 
mained as before. 

Exp. 15. Returning again to the former conftruction, I ad- 
mitted an aperture of about ,037; and having now a pencil of 
nearly the 250th part of an ich, I could bur juft perceive fome 
of the large briftles, which fhews that even the 34th part (fos 
9937: £,25:: 4 : 34) of the focal length is not a fufficient 
aperture for objeGt-lenfes that a@ under fuch circumftances as 
the prefent. 

So far I have only related exper:ments ‘hei were made in the 
year 1778; and my opinion that the fmallnefs of the optic 
pencils could be no objection to feeing well bemg thus fup- 
ported by evident faéts, § hefitated not, in a Paper on the 
Parallax of the Fixed Stars (Phil. Tranf. vol. LXXII. pr 96.) 


to affizm, that we might fee diftin@ly with i much 
fmaller 
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° fmafler than the goth or soth part of an inch. It did not ap- 
. pear to be neceflary, nor would the fubject of that Paper per- 
mit me to enter into a detail of experiments; but having, in 
-the courfe of my reading about that time, met with an account 
of fome very {mall globules made for microfcopic ufes, I con- 
‘tented myfelf with an inftance of fmall pencils taken from 
them. I fhall, however, now proceed juft to hint at a few 
‘inferences that may be drawn from thefe related experiments ; 
a8, upon a mature confideration, we may find reafon to be- 
-lieve they point out a caufe of indiftinétnefs of vifion hitherto 
never noticed by optical writers; and which, when properly 
‘inveftigated, cannot but influence, and in fome refpeéts con- 
tribute to the improvement of, our theories in optics. For, 
-admitting that every object-glafs or {peculum, whofe aperture 
‘bears lefs than a certain ratio to its focal length, will begin to 
‘give an indiftin& picture, it will follow, that while former 
-opticians have been endeavouring to diminifh the aberrations 
.arifing from the {pherical figure, and the different refrangibility 
of rays, by increafing the focal length, they have been unaware 
-Of expofing themfelves to the confequences of the caufe of 
andiftinétnefs here pointed out. And till its influence fhall be 
‘well afcertained and brought to a proper theory, we- muft fuf- 
.pe&t that fuch tables as thofe which are given in our beft 
-authors of optics, pointing out an aperture of lefs than 6 
_anches for a glafs of 120 feet focal length (or a ratio of 1 to 
240) muit be far from having that degree of perfection which 
may yet be obtained. No wonder that telefcopes, made ac- 
.cording to theories or tables, where one of the caufes of in- 
diftinctnefs is unfufpected, and therefore left out of the account, 
‘can bear no fmaller pencil than the 4oth or 5oth part of an 
unch! If then, on one hand, by increafing our apertures we 
I | certainly 


on the Diameter of Optic Pencils. _ go7 


certainly run into great imperfections, we ought nevérthelefs _ 
alfo to confider what dangers, on the other, we may incur by 
leffening them too much. 

As foon as convenient, I intend experimentally to purfue this 
fubject, in order to obtain proper data for fubmitting this caufe 
of optical imperfection to theory; at prefent my engagement 
with the work of a 40-feet reflector will hardly permit fo 
much leifure; and till I fhall have repeated, extended, and 
varied thefe experimental inveftigations, I would wifh them to 
be looked upon as mere hints that may afford matter for future 
difquifitions to the theoretical optician. 
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- North America, p. 229. 

Cavendif>, Heary, Account of Experiments made at Henley-Houfe, Hudfon’s-Bay, 
relating to Freezing Mixtures, p. 241. | 

Celans, Late of, and the emiflary made by the Emperor Claudius for draining it, vifited 
by Sir William Hamilton, p. 368. 

Child-birth, on the dangers of, p. 354. Calculation of the extra danger of twins, ibid. 
On the weight and fize of the head of male anc female children new born, p. 357. 
The greater danger to the mother from male than female children, p. 361. Abftra& 
of the regifter of the Lying-in Hofpital at Dublin from Dec. 1757 to Dec. 1784, 
p- 363. 

Cicero, his villa in the province of Abruzzo converted to achapel, p. 369. 

Circles, much done by Tycho Brahe, Hevelius, and Dr. Hook, refpeCting the dividing 
of, p. 2. Review of the labours of the learned to accomplifh this defign, p. 2. 
Explanation of Mr. Hindley’s method of dividing circles into any givea number of 
parts, p. 19. 

Clarke, Fofeph, Obfervations on fome Caufes of the Excefs of the Mortality of Males 
above that of females, p. 349. 

Clay, the difficulty of obtaining it of the fame thermometric properties, p. 398. The 
difficulty remedied by a mixture of alum earth, p. 402. The fix changes it under- 
goes by different degrees of heat, p. 405. Mixed with alum earth fuffers no enlarge - 
ment by ignition, p. 406. 

Clock Faces, bett feen at a diftance with the figures orange and the ground indigo; or 
the figures red and the ground green, p. 346. 

Cocbineal, gold fhells fo called, fuppofed to be a f{pecies of cochineal in the pupa ftate, 
p- 169. 

Colds, the caufe of their prevailing moft during the cold autumnal rains and upon the 
breaking up of the froft in the fpring, p, 298. 

Cellini, B. ftory of his feeing devils run on the tops of houfes at Rome, p. 319. 

Colours and Light, new experiments on the ocular fpectraof, p. 313. . 

Comet, advertifement of the expected return of that of 1532 and 1661 in the year 1788, 
p- 426. A prize of 6009 livres offered by the Royal Academy of Sciences at Paris 
for computing the difturbances of the above comet, and thence to predi& its return, 
p-428. Table of computed places of the comet on fuppofition that it fhall return to 
its perihelion, Jan. 1, 1789, P» 430- : 

Copley, Sir Gedfrey, his medal for 1785 given to Major-General Roy, for his admea- 
furement of a bafe on Hounflow-Heath, p. vit. 

Copper, magnetical experiments on, p. 72. 

Crecedile, the petrefied bones found at St. Peter’s Mountain, 1 near Maeftricht, fappofed 
to have been crocodiles proved to beleng to the Phyfeter or Breathing-fith, Delphinus, 

or 
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or Orca, p. 445. Thofe found near Whitby in Yorkthire preve to be the tkeleton of 
a Baleua, p. 445. 


D. 


Damp Beds and Rooms, the caufe of the danger of them, p. 298. 

Darwin, Robert Waring, new experiments on the ocular fpectra of light and colours, p. 313. 

Devils, flory of Benvenuto Cellini feeing them run on the tops of houfes at Rome, 
P+ 319- 

Diachylum, experiments on, with fea falt and fpirit of wine, p. 156. Experiments on, 
with Glauber falt and fal fode, p. 158. 

Dividing of Inffruments, improvements in, p.- 8. Farther improvements by Mr. Bird, 
p- 13. Other improvements propofed, ibid. More improvements by Mr. Ramfden, 
p-17- Explanation of Mr. Hindley’simprovement, p. 19. An inch capable of being 
divided into 60,000 parts, p. 24. Propofed improvements by Mr. Smeaton, p. 31. 


E. 


Earthquakes, reafons for fuppofing the earthquakes at Calabria and at Meffina to have 
been occafioned by a voleanic eruption at the bottom of the fea, p. 380. 

EkGrical Fif, account of a new one, p. 382. 

Elliot, Fobn, Obfervations on the Affinities of Subftances in Spirit of Wine, p. 155. 

Euler, Profefor, made ufe of approximations in refolving problems, p. 93. 

Eye, che retina proved to confift of fibres, p. 316. Retina and muicles governed by 
fimilar laws, ibid. Perfons fomesimes fappofe defects in their eyes only from 
obferving fpeétra, p. 318. Danger of infpecting very luminous objeéts, too long a. 

- time, p. 332. Inveftigation of the caufe of that indiftinétnefs which has been 
alcribed to the fmallnefs of the optic pencil, p. 500. Experiments with the naked 
eye, p. sor. Microfcopic experiments with the eye, p- 502. 


‘ . : F. 


Flamfleed, Mr. defcription of the fextant invented by him, p. 3° De(cription of his * 
mural arc, p. 5. 

Fluents, anew method of finding them by continuation, Pp- 432. Its utilicy manifeft to 
Sir Ifaac Newton, p. 441. 

Freezing Mixtures, experiments at Henley-Houfe, Hudfon’s-Bay, relative to, p. 241. 
Experiments with fpirit of nitre and fhow, p. 242. Experiments on the common and 
dephlogifticated acids of nitre, p. 247. Experiments on the phenomena obferved on 
mixing fnow with thefe acids, p. 254. Experiments on the vitriolic acid, p. 263.° 
Experiments on the mixture of oil of vitriol and fpirit of nitre, p. 269. Experi- 
“ments on.the fpisit of wine, p. 269. 


G. 
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G. 


Gla/, Account of fome, which cooled in bafaltic forms, p. 9730 

Gold Shells, fo called, {uppofed not to be fells, but a oe of the eochineal in ite 
pupa ftate, p. 168. 

Goodricke, Fobn, A Serles of Ob‘ervations on, anda Difcovery of the Period of, the 
Variations of Light of the Star marked 2 by Bayer, near the Head of Cepheus, p. 48. 
the lofs which aftronomy will receive from his death, p. 424. 

Graduations, improvements in, by Mr. Ramfden, ps 17. Further improvements by 
Henry Hindley, p, 19. Propofed i improvements by Mr. Smeaton, p. 31- 

Graham, Mr, improvements in the mural quadrant made by him, p. 10. Completes a 

" wenith fector, 1727, Ps Ile 


H. 


Hamilton, Sir William, Particulars of the prefent State of Mount Vefuvius, with a 
journey into the Providct of Abruaso, and a Voyage to the Ifland of Ponza, 
p- 365. With the affiftance of Father Piaggi kept a journal of the operations of 
Vefuvius from Augutt 1779 to the prefeat time, p. 366. 

Harregate, Obfervation on the fulphar wells there, p. 171. Only three wells in 
1733; the fourth made about forty years ago, p. ibid. Several other fulphureous 
fprings there, p. 172. Salt recommended to be added to the water for bathing, p. 
175. Temperature of the {prings, ibid. All the fprings impregnated with common 
fale, p. 177 Medium quantity of falt about twe ounces to the gallon, p. 178. 
Obfervations and experiments on the fulphureous impregnation of thefe waters, p. 
199. The water fprings out of Shale, p. 187. 

Heat, new experiments upon, p. 273. Conduéted in the fame manner as the cleric 
fluid, p. 274+ Atmofpheric air a better conduétor of heat than the Torricellian 
vacuum, p. 286. Defcription of the inftruments made ufe of, p. 274. 278. 287. 
Experiments on the conduGing power of moift air, p. 294. Experiments with air 
of different denfities, p. 298. Experiments on the conducting powers of water and 
of mercury, p. 301. Table of the conduéting powers of the various experiments, 
p- 303. Additional obfervations on making a thermometer for meafuring the higher 
degrees of, p. 390. 

Helix, Defcription of a new-difcovered Britith thell, called the Fountain Helix, p. 
165. The tender prickly Helix, p. 166. 

Hepatic Air, experiments on, p. 118. What are its properties, ibid. General charafers 
of, p. 137+ The action of hepatic and other acrial fluids oo each other, p. 1306 
The adtion of hepatic air, and acid, alkaline ‘and inflammable liquid, on each other, 
g- 137. The properties of water faturated with it, p. 141. The properties of alka- 
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line liquors faturated with it, p. 143. Its conftitution, p- 144. Of phofphorie 
hepatic air, p. 150. Firft difcovered by Profeffor Bergman, p. 180. 

Hejfebel, Dr. William, Catalogue of One Thoufand new Nebulz and Clufters of Stars, p. 
457- Inftruments ufed by him in making the obfervations, p. 457. His method of 
making obfervations, p. 458. Inveftigation of the Caufe of that Indiftin@nefs of 
Vifion which has been afcribed to the Smalinefs of the Optic Pencil, p. soo. 

Hovelius, the pains he took in dividing circles, p. 2. 

Hindlsy, Henry, explanation of his method of dividing circles into any given number of 
parts, p- 19. Extract from-two of his letters to Mr. Smeaton, explaining his 
method, p. 25. Propofed improvements to his method, p. 31. 

Hook, Dr. his defcription of a qaadrant, p. 2. 


I. 


Indians of North America, particulars relative to their nature and coftoms, p. 229. 
Enquiry into their fuppofed want of beard, ibid. Plock out their beards, p. 230. 
Colonel Butler’s opinion on that fubject, p. 231. Captain Branv’s opinion, p. 232. 

indians of the Six Nations, divided into the Tustle-tribe, the Wolf-tribe, and the Bear. 
tribe, p. 2333. The Chief or Sachem of each tribe hereditary in the family, but 
appointed by the chief who dies, ibid. The chief warriors hereditary, p. 234. 
Have great women as well as great men, who hold feparate councils, ibid. Their 
friendthips, ibid. 

Iafinite Series, Dr. Waring’s Paper on, p. 81. 

Infiruments, on. the divifion of, p. 8. Improvements by Mr. Bird, p. 13. Improve- 
ments by Mr. Ramfden, p. 17. Improvements by Mr. Hindley, p. 1g. Improve- 
ments by Mr. Smeaton, p. $1. 

Latrofafception, hiftory and diffe&ion of an extraordinary one, p. 305. 

dren, {mall quantities of, in other metals may be the caufe of their affeing the needle, 
pe 62. 

Uebia, Lfland of, account of a colemn of boiling water in the fea, near, p. 370. 

Jupiter, obfervations of his firf fatellite, from June 3, 1782, to Dec. 2, see 
York, p. 211. 


K. 


Keddifions-Water (Derbythire), may be rendered fimilar to Harrogate by diflolving 
common falt in it, p. 178. 

Kiag, Edward, Account of a Subfidence of the ground near Folkftone, p. 230. 

Kirwas, Richard, Erpeumeae on Hepatic Air, p, 118. 
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L. 


Lattfom, FJobn Coakley, Hiltory and Diffeftion of an extraordinay Introfufception, 
Pp» 305. 

Light and Colours, new experiments on the ocular fpectra of, p. 313. 

Lightfoot, Rev. Joba, Account of fome minute Britith hells, p. 160. The frefhewater 
Nautilus, ibid. The fountain Helix, p. 165. The tender prikly Helix, p. 166. 
The fine-ringed Turbo, p. 167. The oblong frefh-water Patella, p. 168. 

Liver of Sulphur, how made, p. 121. 

Longitude, a recommendation of the method of determining the longitude of places by 
obfervations of the Mvou’s tranfit over the meridian, p. 409. 

Lyon, Rev. Fobn, his account of a fubfidence of ground near Folkftone, p. 224. 


M. 


Magnets, experiments and obfervations on, p. 62. Small quantities of iron in metals may 
be fuppofed to be the caufe of their effefting the needle, ibid. Experiments with 
Turkey ftone and nickel, p. 63. Method of hanging needles for the purpofe of 
making experiments, p. 64. Experimenis on brafs, p. 67. | Experi-ebts on 
copper, p. 72. Experiments on zinc, ibid. Experiments on platina, p.73. Ob- 
fervations on the declination of the needle, p. 424. ; 

Magnifying Oljes, a new method of, p. 346. a, 

Males, on the excefs of their mortality to that of females, 349. Why more fubje& to 
mortality, p» 351. From growing to a larger fize iz wiere, p. 352. From the 
difeafes of great towns, p- 35 3- | 

Mafkelyne, Dr. improvements made in the zenith fe€tor by him, p. 12. Advertifement of 
the expected Return of the Comet of 1532 and 166: in the Year 1788, p. 426. 


Marius, hia villa near Arpino, in the province of Abruzzo, converted into a convent 


of the order of La Trappe, p. 369- 
Mercury, experiments on its power of conducting heat, p. jor. | 
Bhoreury (Planet) obfervations on his tranfit over the fun’s difk, May 3, 1786, at Lou- 
vain, in the Auftrian Netherlands, by N. Pigott, p. 384. 
—— by E. Pigott, p. 389. 
Meridian, method of finding the difference between Greenwich and York, p. 410+ 
Meffina, note of the prefent ftate of, refpééting the earthquakes, p. 380. 
Metals, the properties of fome metallic fubftances with refpect to magnetifm, p. 62. 
Moon, Obfervation of the eclipfe of the moon, Sépt. 10, 1783, at York and Paris, pe 
415. Hints for the more exact obfervation of eclipfes of the moon, p. 416. 
Mooring Rock, reafons for its being totally forgotten, p. 223. 


Mortality, on the excefs of, of males to females, p. 349. 


7 Maral 
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Murad Quadratt, deferigtion of thet iavented by Mr. Flamfteed 1689, p. 5. Improve: 
mentsin, by Mr. Graham, p. 10. 
Majtlt:, the laws tlat gover the mufeles have the fame influcace on the retina of the 
Cyt, P 33H 


N. 


Nab, Fobu MM‘, Experiments et Henley-Houfe, Hudfon’s-Bay, relating to freezing 
mixtures, p. 241. 
Naples, ill bailt, and in great danger from fhocks of earthquakes, p. 266, 
Naxtilus, defcription of a newly difcovered Britith thell belonging to that family, called 
_ the freth-water Nautiles, p. 160. 


Newton, Sir [aac, the utility of finding fluente by conftru@ion, manifeft to him, : 


' pe. 441- 

Hicktl, magnetical expérimesits on, p. 63. 

Nitre, Acid of, experiments refpeting freezing, with the common and dephlogitticated, 
air, P. 247 

Nitre, Spirit of, experiments of a freezing mixture by the addition of {now, p. 2432. 


Experiments of oil of vitriol, p. 269. 


O. 


Ocular Speftra of Light axd Colours, new experiments on, p. 313. Four kinds of, 
ibid. 
Opcic Pencils, See Eye. 


P. 


Palmarele, Uland of, secount of, p. 376. 

Paralfs, temporary ones generally fucceed to continued i irritations and violent exertions, 

333+ 

Polen defcription of a newly difcovered Britith fhell, called the oblong freth-water 
Patella, p. 168, 

Paterfen, William, account of a new ele@trical filh, p. 382. 

Phofphoric Hepatic Air, account of, p. 150. 

Piaggi, Father Antonio, afitts Sir Willian Hamilton in keeping a journal of the opera- 
tions of Mount Vefuvius, p. 366. 

Petrefatlion, coajeCtures relative to thofe found in St. Peter’s Mountain, near Maeftricht, 
p. 445. Not the bohes of crocodiles as at firft fuppofed, ibid. Suppofed to belong 
to a Phyfeter or Breathing-fifh, Delphinus or Orca, p. 445. ‘Thofe found near 
Whitby in Yorkthire, and feppoftd to belong to a Crocodile, Eprore to be the 
‘ Vot. LXXVIL, .” VYyy keletou 


t 
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-fkeleton of:a Belen, p. 445. Very few seas .of bones of bids, 8 fone of 
human bones, ever found, p. 451. 

Pigorr, Edward, his obfervations on the variation of the light of the flar matked 3 by. 
Bayer, near the head of Cephus, p. 57. Obfervations and Remarks.on thofe Stars 
which the Aftronomers of the laft Century fufpected to be changeable, p. 189. 
Obfervations of the Tranfit of Mercury ovér the Sun, May 3, 1786, at Louvain in 
the Netherlands, p. 389. The Latitude and Longitude of York determined from a 

“Variety of Aftronomical Obfervations; together with a Recommendation of .the 
Method of determining the Longitude of Places by Obfervations of the Moon’s 
Tranfit over the Meridian, p. 409. Aftronomical obfervatiens made at York from 
July 15, 1781, to Dec. 15, 1785, p. 423. ' 

Pigott, Nathaniel, Obfervations of the Tranfit of Mercury-over the Sun’s Dees May 3» 
- 1786, at Louvain in the Netherlands, p. 384. od 3 


Platina, magnetical experiments on, p. 73. ies ae 
Ponza, Iland of, a voyage to, p. 365. Account of the ats P- 373+ Subjed 


‘to earthquakes, p.377- a he, ; > 4 me 
Prefents made to the Royal Society 1 in 178 Sy Ps S668: eee a 
Prict, Richard, on tho mortality of male children, p. 34g, es 

° +g Rw Bae ° 

! Q 

Svadrant, Dr. Hook's dedcription of, p. 2. , 
os a ee. Core , . ees, 


ry é 


Rain, regifter of, in 1785, at Lyndon in Rutland, at South Lambeth in Surrey, and at 
Selbourn and Fyfield, Hampfhire, ‘p. 236. Obfervations on the increafe of rain ig 
every year from 1740 to 1780, and its influence on the crops of corn and hay, 
P- 239- ; 

Ram/fden, Mr. his improvements of gradations, p. 17. His improvements in dividing 
theodolites, ._p. 18, Receives a handfome reward from the Board of Longitude, p. 18. 

Roemer, Olaus, began his domeftic obfervatory at Greenwich ry15, p. 7. - 

Boman Antiquities, account of fome tiles found in the ifland of Ventotiene, p. 372. 

Roy, Major-general William, Sir Godfrey Copley’ ¢ medal fer 1785 se to him, 
p- Vile 

Royal Society, their declaration of not giving their opinion on, oF fanction to, any thing” 
aid before them, p. iii. Prefents in 1785, p. 509. 


S. 


\ 


Salt, recommended to be added to Harrogate water for bathing, p.175. All the fprings 
at Harrogate impregnated with common falt, p. 177. 


Stafoxs, obfervation on the variations of, from 1749 to 1780, Pp. 239: 
y Seatax,. 
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« Mexrami?, defoription of one contrived by ‘Mir. Flamiteed, P: 3 " Improvement. made on 
. it, pe 4. 
- Shale, various properties of, p. 186. 
- Shap-Water (Weftmoreland) may be rendered fimilar to Harrogate water by diffolving 
common falt init, p. 178. 

Sharp, Abrabam, (fervant to Mr, Flamfteed) encomiums on him, p. 5. An excellent 

. maker of mathematical inftruments both in wood and brafs, p. 7. 

Shells, defcription of fome minute Britifh fhells, p. 160. The frefh-water Nautilus, 
ibid. The foantain Helix, p. 165. The tender prickly Helix, p. 166. The fine 
ringed Turbo, p. 167. The oblong frefh-water Parella, p. 168. Gold hells broughs 
from the Weft Indies fuppofed not to be thells, but a fpecies of cochineal in its pupa 
ftate, p. 168. 

Smeaton, John, his Obfervations on the Graduation of Aftronomical Infruments, with 
an Explanation of Hindley’s Method of dividing Circles, p.'1. 

Snow, experiments refpecting freezing by mixing it with fpirit of nitre, p. 242. Expe- 
riments with common and dephlogifticated acids of nitre, pe 254. 

-Seap, procefs for the making of it from diachylum, fea falt, and fpirit of wine, 
p- 158. 

Spcfira, new experiments on, p. 313. Four kinds of, p. ibid. Of the attivity of the 
retina in vifion, p» 314. From the defe& of fenfibility, p. 317. Suppofed defects 
in the eye from obferving fpettra, p. 318. From excefe of fenfibility, p. 320. Of direct 
ocular f{pectra, p. 324. Of reverfe ocular fpectra, p. 327. Mifcellaneous remarks, 
Pp» 333- Rules for determining before-hand the colours of all fpettra, Pe 336. 
Conclufions, p. 347. 

Spirit of Wine, Obfervations on the affinities of fubftances i In, Pe. 155. 

Stars, obfervations on, and a difcovery of the period of the variation of the light of 

. the ftar marked ? by Bayer, near the head of Cephus, by Mr. Goodricke, p. 48. 
Obfervations by Mr. Pigott, p.57. Obfervations on the variations of @ Lyra, 

- Algol, and ¢ Perfei, p. 60. Obfervations and remarks on thofe ftars which thé 
aftronomers of the laft centary fuppefed to be changeable, p. 189. Catalogue of 
variable ftars, reduced to the beginniny of 1786, with obfervations, p. 191. Obfer. 
vations on the famous Nova of 1572 ih Caffiopea, p.. 192. Obfervations on the 

-» Ceti, p. 193. Obfervations on Algol, p. 194. Obfervations on Mayer’s N° 420, 
ibid. Obfervations on the variable, in Hydra, p. 195. Obfervations on the famous 
Nova of 1604 in Serpentarius, p. 197. Obfervations of 8 Lyra, ibid. Obfervations 
on the Nova near the Swan’s head of- 1670, p. 198. Obfervationson » Antinoi, 

_ bid. Obfervations on the variable, in the Swan’s neck, p. 199. Obf¢rvations on the 

_ Variable, in the Swan’s breaft, p. 201. Obfervation on the 2 Cephei;p. 202. Obfer- 
vations on Hevelius’s 6th Caffiopez, p- 203. Obfervations on the 46th or & Andro- 
medz, ibid. Obfervations on Flamfteed’s 50, 52 + Andromedz and Hevelins’s 
41 Andromeda, p. 204. Obfervations on Tycho’s 2oth Ceti, ibid. Obfervations on 

Yyy2 Fhonfteed’a, 
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Figmfleed’s ¢gth Andromeds marked neb. in his Catslogye, ibid, Obfereations on Gor 
Prolemy’s and Ul. Bleigh’s 17th Eridani, p. 205. Obfervations on Flamfteed’s 41 Tauri, 
p. 205. Obfervations on the 2°z North of 53d Eridani and 43 Eridani, ibid, Obferva- 
tionson y Canis Majoris, p. 206. Obferwations an « @ Geminorum, p. 206. Obfer- 
vations on ~ Leonis, ibid. Obfervations on J Leonis, ibid. Obfervations on 
asth Leonis, p. 207. Obfervations on Bayer’s i Leonis or Fycho’s 1@ Leonis. 
p. ibid. Obfervations on 3 Urfe Majoris, ibid. Obfervatians on s Virgiais, p. 207, 
Obfervations on Bayes’s far of the fixth magnitude, 4° Squth of g Virginia, p. 208. 
Obfervations on the ftar in the northern thigh of Virga, ibid. Obfervations oa gt or 
92 Virginis, p. ibid. Obfervations on « Draconis, ibid. Obfervations on Bayer’s ftar 
_ in the weit {cales of Libra, ibid. Obfervations on Ptolemy’s and Ul. Bicigh’s N° 6. 
of the unformed ia Libra, p. 209. Obfervations on x Librz, ibid. Obfervations on 
Tycho’s 11th Libra, ibid.’ Obfervations op 33 Serpentiy, p. 210. Obfervgsioas on 
a ftar marked by Bayer near « Urf Minoris, ibid. Obfervations on the » or Prolemy’s 
and Ul. Beigh’a 14th Ophiuchi or Flamfteed’s 36th, ibid. Obfervations on Prolemy’s 
13th and 18th Opbiuchi, 4th magnitude, p.21r. Obferyations on @ Sagitarii, ibid. 
Obfervations on 6 Serpentis, ibid. Obfervations on Tycho’s 27th Capricorni, ibid. 
Obfervations on Tycho’s 22d Ardromedz and o Andromeda, p. 212. Obfervations on 
Tycho’s 19th Aquarii, ibid. Obfervations 6f La Caille’s 483 Aquarii, ibid. Suap- 
pofed variations generally occafioned by miftakes of aftronomers, p. 213. Difficulties 
in afcertaining variations, p. 214. Lift of periodical ftars, ibid. Obfervationa on 
the variable flars in Hydra, p. 216. Obfervations on the » Antinoi, p. 217. Obfer- 
vations Om the variable in Cygnas’s neck, p. 218, Their twinkling sppearance 
accounted for, p. 322. Hints ufeful in obferving the R.A. of flare, p. 420. Cata- 
logue of one thoufand new nebulz and clusters of ftars, p. 457. Inftsuments ufed 
in making thefe obfervations, ibid. The order obferved in the diftribation of the 
nebulz and cloiters of ftars, p. 466. Arrangement of the columns and explanations 
of the abbreviations, p. 468. Tables of the obfervations, p. 471. 
Subfidence of the Ground, near Folkefione, p. 220. The cauyfe accounted for, px a25- 
Objections to Mr. Sackette’s account of a fimilar phenomenon, p. 226. 
Sabfasces, on the affinities of, in fpirit of wine, p. 1556 
Sulpbyr, Liver of, how made, p. 138. - 
Sulphur Wells, at Harrogate, obfervations on, p. 171. Obfervations and expesiments on 
the falphureous i impregnation of Harrogate water, pe 1.79. 


T. 


‘Telgfeepes, wethod of difcovering the error of the line of collimation, p. 422. Hiftory 
of that of ‘aonfeet made ufe of by Dr. Herfchel, p. 458. Hints for the improvement 
Of, Ps 5056 


Theedeljtts, 
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Povedelites, iraprovemente'in the method of dividing them, p. 18. By Mr, Ramfden, 

- ibid. 

Toermemeter, vegifter of, in 1785, at Lyndon io Rutland, p. 236. Additional obfer- 
vation on making a-thermometer for meafuring the higher degrees of heat, p. 390. 
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